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associated with row dry unit weights and vice versa. Fig. 6-? emphasizes thestratification of the material to a depth of about 2o leet a=od the uniformity bctwcc' ?oand 40 feet, with some variation berow that depth. Figs. 6-5 
"J o-z both showthat there ie a great similarity in the materials at mit! posts 9 ".ra rt, but thatthe material at rnile post z is generally of frner rexturc. At dcgths ot 32 aad 3Tfeet the material at rnile post i appears to be of a higher dry unit weight butalso of a finer texture than at the othet locations. This is an exception to thegeneral observation that the coarser textured soils have ttre rrigher dry unitweights.

Consolidation Ta<tc

As mentioned previously consoridation tests were performed on only a fewof the clay and s*ty cray sampres to determine some of the consoridationcharacterigtics. The results of these tests are summarized in Tabres 6-6and 6-7. The coefficient of consoridation, cv, and the primary compressionlatio' -' {or thc wariouo lvarlings ts grven rn 'r able 6-6.- The ,roia ,atro, 
", 

--

for the various loadings and the compression index, cc, are given in Tabre 6-?.

Conclus.ions

1. The upper 20 f.eet of the soil material under the salt isrand is veryot<a[ificd wlrh layers ot oolitic sand of various thictnesses.

z' Throughout the entire dep_th (approximately 50 feetr, the clay materialhaa a very high sensitivity, usuaily above'r0. . This was determined by unconfinedcompression and remolded unconfined samples.

3' Water plasticity ratioa of 100 percent or higher indicate that the materialwould have vety little strength when remolded. Thlrefore, the material is veryhard to work with in its present condition.

4' Drying the material 6eems impractical because the hydrophilic natureof the salt cau.ea the material to reach an equiribrium point at abuut eg to 3opercent moisture co[tent.

5. The material may he used as fill materiel. if it carr lrr cornpacteCt toreasonable densities a''d.if sufficient granular materiar is placed above it todistribute the loads. This, howevu", -*^y 
be a problem as compaction equip-ment may not be able to move over it.



Table 5-6. Consolidation Teete --- Coefficient of Consolidation a:
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9. 8 0.54

D,2a 0,52
o. .10 0,62
o.42 0. 86

0.40 0.6.1
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o.46 0.45 o. 43
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- 6. Sandy material may also be transported and mixed with theonrite material for the lower three to four feet of the fill embank-"rt.
7. lttith the data available, eettlement analysis by the convcntionalconsolidation theory is impractical considering the verticar degsicationcracks and the stratification in the upper 20 feit of soit materiai.

8. The material, however, seems caDable of ca+ryiag tl.o Eroot anticipated fill with a probable settlement of ress than 6 inches.

9. The material in all other respects is suitable for the lowerparts of the embankment.
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Part VII

MECF{ANICAL AND CHEMICAL ANALYSES

OF SOIL SAMPLES FROM UNDER THE SALT ISLAND

by

J. E. Chrrstiansen

J. P. Thorne
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Introduction

This report inclrdes a presontation and discusslon of the mechani_car and chernicar analyses of soil samples taken by the utah state Depart-ment of Highways at three_locations along the line of trre proposea InterstateHighway 80 at rnile posts ?, 9, and lI. ih" sampl"" *.;";k;r, to a depthof about 47 feet and were delivered to the utah st"t" u"J"""iif rrrgrrru"ri'gMaterials Laboratory in sealed Z_inch diameter Shelby tubes. They werercmovod {roa r}rc tqlrso a! rlre MarerlarA Laboratorrr-rr,a""-i"rt of eachsample was used for.the physical tests reported in part VI of the Salt Flatsrnvestigations. portions of 2l selected samples were delivered to the
ljrt::n;"jive 

Soils and Water Laboratory where the anatyses reported

Thi! reporr. tras been prepared by J. E. Christiansen from a letterreport and data submitted June ?, 1961, by J. p. Thorn.e, under whosesupervision the teste were made. The analyses cover essentially thesame iterns as those-reported in part tV, November 1960, which cove!_ed te6ts on samples from depths of r.3 to 4.0 feet ,.."au" tn"'.1g. or trru
l:::T:., along the-pres,ent highway 40 between mite poets 6 rod 20. ThcPresent samples, therefore, represent a much gr"at!" depth of rnaterials,but they are restricted to an ar"a whe.e tie hard salt crust variee fromabout I to 3 feet in depth. The report is arranged. to facilitatc coulparisonsof the results for the three locatio-ns. some comparisons are also madewith results reported in part IV.

This report followe essentially the 6arne general outline as theprevious report, part IV, except that some of tle descriptirru -att""and erplanatione are ohitted to zvoid cxcc6oivc dupllcailon.

Particle Size Distribution

The soil used for the mechanical analyses for particle size distri-bution was first treated.with hydrogen pu"o*tuu to remove organic matterand fhen wrehed threc tinres wirfr Aistiiled water to rernove the salt.Good dispereion was obtained. Thia treatment differed from that describ-ed in the Report, Part rv. The resurts oI th.". analyees are sumrnariz-ed in Table 7-1. Eight size fractions, including fi.ve subdivisions ofs11d-a1d two of clay, are given, together with the textural classificationwhich is abbreviated as foftows: silty clay, gic; silt, si; sand, e; Ioam,l; ond clay, c.
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Mile Post 7. Depth, ft 4 I

Lab No

Very coarse sand
Coarse sand
Med.lum aancl
Fine sand

Very fine eand
sitr
Coarse clay
Fine clay

u6rl02 103 lo5 106

l8 22

3.0 1.0
3.6 t. I
3.4 1.2
5.4 l. I

1.5 0.6
35.8 40.6
zo.o 19.9
27.3 33.8

107 108

3? 47

0 0. I
0. I o.2
0.2 0.2
1.3 0.8

0.8 0. 6

44.4 44.8
t8- 7 25.5
34.5 27.8

stc

I.3
1.6
0.9
4.8

2.5
44. O

22.4
22.5

sic

l04

t?

8.0
t2,5
r8.5
45.3

6.9
3.6
4.8
o.4

slc sic

2.0-1.0 0
1.0-0.5 0.2
ur 5-u, z5 4,4

0.25-0. t0 1.4

0. l0-0. 05 0.9
0.05-0.002 4t.3

0.001 28. 0
0. 001 28.0

T extural clas sif ication slc

Table 7-1, Particle Size Distribution

Lab No

Mile Post 9. Depth, ft

Very coarse sand 2-O-l - 0 2. O

Coarse sand 1,0-0. 5 8.6
Medium sand 0. 5-0. 25 9.9
Fine sand 0. Z5-0. l0 19.8

Very fine sand O. lO-0. 05 7.5
Silt O. O5-O. 002 43.2
Coarse clay 0.002-0.001 7.3
Fine clay 0.001 1.7

T extural classification

u6l109 ! l0 nt Ltz t I3 ll4 115

9

0. I

o.2
0.3
0.9

0.8
44. o
24. I
29.6

sic

l3

0.!
o,4
IA

13. I

4.9
35.8
zt. 7
22. z

c slc

4Z1,)ZLla

2.3 0.4
5.1 0.?
4.7 0.9

10. I 3,9

8,I 1.7
4e.8 43.8
t6,4 24.5
10.5 24. I

0. I 0

0, I o.2
0 0. I

.0. I 0.4

0. I 0..9
3?.8 59, I
27. L 23.9
34.7 34.7
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Table 7-I. Particle Size Distribsli6a (Continued)

Clas sif ication
mil

Lab No

Mile Post I1. Depth, ft

Very coarse
Coarse sand
Medium sand
Fine sand

Very fine sand
Silr
Coarse clay
Fine clay

article
Size

2.0-1. 0

l. 0-0. 5

0. 5-0. 25
0.25-0. t0

0. l0-0.05
0.05-0.002

0.002-0.001
o.001

Distribution
percent of total

u6r u6 l t?

o 0.2
0 0.6
o o-8
0.3 7.3

0.3 7.4
52.'7 21 5
t3.3 27 .9
33.4 30,3

8lC

l 19 t20 r2l

37

t22

4727l9I1

lt8

l5

0. I
o.z
o_7
l.l

I.0
42.6
27 .4
?.7.4

sic

0 0. I
0 0. I
o o,a
0 0.3

0 0. I
42.8 4t. I
34.8 30.7
zz. 

,4 
z7 ,4

sic sic

0.1 0. 1

0. I o.2
o. I o.2
o,4 0. 'i

0. 5 t.4
36.8 40. €

26.7 23. I
J5.3 33. I

T extural clas s if ication
s lc
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only one sample, no. 104, from a l2-foot depth at mile post 7, containedan appreciable amount of medium and coarse sand. six other sampres contsincdmore than l0 pcrcent anit are classified as sand. Twelve of tfr"-Zt samples con_taining more than 40 percent.silt and 40 percent clay are classified as s*ty clay.The two samples high in eilt (more tr..., io percent) but with less than 40 percentclay are classified as loams. The six a"mpt.* with Iess th";;;percent silt butmore than 40 percent clay are classified as clay. Actualliit"r. ," not a greatdifference in the samples classified a" r^r-o, cittv clovo, a.*l rlays. ,,' all buttwo instances, the clay fraction is divided guite evenly uui*".r, 
"-oa"ru "lay(greater than one mic.ron) and fine clay (Iess than one mieron). These twoexceptions contain relatively more of ,h" 

"o.ra. fraction.

, Tlere isfrobably no significant difference in the soil texture at these threelocations. The loe of the troringe 1t the t,..rcc oitgo, 4r shown in the r{eport,Part vr, indicates trrat the matJrial to . auptt of about z0 feet is highly stratifiedwith a number of thin rayers of sand. The'sampLes reported here, which !epre-sent depths 4 or rnore feet apart, do not full.y reflect this stratification. It is
:ir:::::: :f:r::"'. 

of the sarnples contain a mjxrure of two or more distinctly

f)ata on soil moiot
were taken rrom u.roi';:'I":::'t'J,;::f"':::J:I*i,"",t"-:; .l:::";:"'::0"r""not reflect the texturar^crassification very well. It will be noted, however, thatthe sandy eample no. 104, from a aeptn Jf t?teet at mil.e post ?, has the loweslnatural moisture percentage, 24, ani the lowest 

'aturation percentage, 26. T'e
'aturation percentage is usually a fair index of the textur" 

"riJli "n""ks frirlywcll for. t'cse samples. Iherl are some exceptions, howevu"; fo, example,sample no' llg from mile post rl, has therowest 
""i,r."tiorr-percentage at thatlocation' This sampre contains no sand 

"rra 
rr""lz-p.;"";;"t:;. The rclatiwely

:""-";:ffi:teff.'"r"_l:ue, 47, rnay ue aue to the hiltr rime.ontent, sg,zpercent,

.Ellectrical conductance determinations wete made on both l:5 soil_waterextracts and saturation extracts. The totat dissolved sorids, *li"r, are mostrysalts, wele determined gravirnetrically from the l:5 extracjs. The correspond_ing percentage of salt on a dry-weight Lasis (soil plue salt) was calculated fromthe extract percentage.by -otiiptyiig by the ditution factor, 5. The eart percentageon this dry-weight basis varies-rio- z.'C to l6 pcrce.t, rrrirg-tbJ lowe6t for the sand



Table ?-2. Soils Moieture and Salinitv

Lab
No Depth

Loz 4
103 I
i04 tz
105 18
106 22
10? 37
108 47

Average

Moisture Percentaae

-

t\aEural Satu!ation
ElectricaL Conductance
I:5 Satur -
Extract ation

Dissoived SaIt---T-:3--sai-
Extract

Soil
Solution

t percent Percent
Samples f:om Mile post ?.

rnillirnho s

38.15
38. l5
24.80
4L.33
45. 08
33.06
29. 17

35. 68

crn. at Percent

2.72
2,7 |
I 4Cr

z- 81
3.25
2.26
2.08

2.49

Percent

13.6 4I.Z
13,5 38.5
7,9 33. I

14,0 36.6
t6.2 35.6
ll.3 30.5
10,4 28.2

t2.4 34,9

33.0
35. 2
24.0
t8.4
45, 6
36.9
36.8

J).7

60
54
26
f,5
60
66
66

55

t87 .7
l8?.7
187 .7
r94.9
r94.9
163,4
140. I

r79. 6

Samples from MiLe post 9.
109 5

110 9
rll 13
llz L7
rl3 2l
tl4 32
lt5 42

Average

30. 2
36.9
39.8
4t. 0
4I.Z
50. 2
33. 8

39. 0

]J

6l
5Z
37
5t
63
66

55

30.99
38.15
30.99
38. l5
33.06
41. 33
38. t5

35. 83

187.7
t7 4.7
t80.9
202.7
t87.?
t94.9
158.3

183. I

2. Z0
2.49
2.03
2.43
2. 06
2.90
2.64

2,39

Il.0 35.4
t2,4 33.7
10. I 25.5
La.t 29.6
10.3 25.0
14.5 ?8.g
r3.z 39.0

1r.9 30.6

o

(-
o
ao

I

tl
a
-o
@
@

no
o
=1'
q)-a
o)
I

.,
E



ll (

lcllo
I(o
lc-lo
lolo
t-I'll,
l-to
I(o
l6la
latnlo
t.(tlo
l*ll,
lq)tf
l.nl6)

t

.,
l-

Table 7-2 Continued

Lab
No Flectrical golductance Dissotve{salt soil

-..-.<_
l:5 Soil Solution

percent pe:cent
Samples from Mile post ll.

Depth

1t6 7
LT? II
r. 18 15
rr9 19
r20 27
tzl 37
122 47

Average

187.7
180.9
t87 .7
187.7
180.9
L63.4
t53,4

181.9

Natural moisture percetrtage determined at the Engineering Materials Laboratorv.

;:i* ll:iiff: ::if ff;ffifii""ilTT:[::1Jj":: r 5 extract. ca,cu,ated on a dry veight

40.0
3I,4
37 .3
33.3
48. Z
48.7
42.0

40. I

38.15
41.. 33
45,08
41. 33
4r,33
4t.33
35.42

40.57

56
58
6r
47
59
69
65

59

2. 50. 12. 5 3t. z2.58 r2.g 41. I3.15 15,7 42.22.69 13.4 40.32.8o 14. 0 29.1
2.65 8.2 27.22.38 lr, g 28,4

2,67 n,4 33. 3
I
I

I

I
I

Moisture Percenta
NaturJt -3iiffii



I Doug Jensen - Progress Report Parts 6-ta.pdf Page 35 
I

Table 7-3, Organic Matter, pH, Lime, and Gypsum.

32

roz 7

103
104
I05
106
107
l0s

Average

Organic
Matter
percent

0. 88
.77
.74

t, 27
,96
-93
.89

.92

CeC03 Clypsum
ulv.

percent me. / gr. p€rcent
4
8

l2
l8
2Z
3?
47.

8.3
8. I
8.2
7.9
7.9
?.5
7.9

8.0

9.5
9.2
9.4
9.0
9.0
o.6
8,8

9.1

6s.7
5A.4
82.7
56. I
50. 5
5Y. J
55. 3

57. Z

17.0 r. 16
l3.z 0.90
1.9 o. 13

29. I l.9s
22.4 I.52
<l 0.07
39.: 2- 68

t7.7 l.2l

109 s
ll0
llt
rlz
ll3
ll4
rt5

Average

5

9
l3
T7
2l
3Z
1Z

o. 50
.89

l. 00
t. 62

.91
t. 77
r.50

1. l8

a.z
8.2
8.0

8.1
7,?
7,6

8.0

8.9
9.s
oq
aq
9.4
8,9
8.6

9.2

24. r
57 .8
64.7
72.7
65.9
43,2
44.6

53.3

78.7 5.35
<l o, o?
4,5 0.3r
6,7 0,46

<l 0.07
5.R o-46
8.6 0, 58

t5.3 t. 04

rt6 lt
ll?
118
u9
120
t2l
122

Average

7
1l
l5
l9
z7
37.
47

0. 67
,69

l.lz
2. t5
r. 86
L.62
t.27

1.74

8.5
7.9
7.8
7.8
7,6
7.6
7-6

7.8

9.5
9.7
9.3
9-I
8.9
8.7
9. I

9.2

58.2
59. I
46. o
59, 2
47.6
49.6
35.2

50, I

7.8 0. 53
2.5 0. l7
2.4 0. 16
7.3 0. 50
3.6 0.24
1.8 0.lz

(r o. o7

3.7 0.25
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sample no, 104.

The salt content is also expressed as a percentzge of the naturalmoisture content of the soil. These values range from 25, S to 42,Zpercent, indicating that all, or nearly all, of thl ealt present, with theexception of gypsum, is in the eoil solution rather than crystalized salt.These percentages are approximations only since the natural moisture
Percentage was determined on a different srrh-aanplo tlr+n G}.o aoltcontent.

Chemical Composition of the Salts

The chemical analyses were performed on the l:5 extracts. Theresult6. expressed in arltrivalente per mirlion (csoc.tiarly [he same asmilliequivalents per liter), are given in Table ?-4. The determinations
include all of the principal cations and anions, including carbonate (co3)
which was not found in any of the samples,

Although there are some differences between the individuar samprqs,thc rvcragoo indicate Do rigrri(icant{ltrerences between the three locations.There is a remarkably good agreement between the total cations and totalanions.

Comparing the results at mile posts ? and ll, it will be noticed
that there is, at mile post ?, slighfly rnore sodium salt, g5 percent
compared with 8I percent, and more magnesium, 1.9 compared with1.2 percent. Correspondingly, there ls stigfrtly less calcium, lO. 3

lomP.tud with ll.9 percent, and less potassium, 3.4 compared with6. O pelcent.

comparing the anions for the same locations, it will be seen thatthere ie less chloride at mile post ?, 90.g cornpared with g4.4 percent,
and more sulfate, 9.0 compared with 5.4 percent. The bicarbonate
accounts for only about 0.2 percent, and there is no difference at th6
two location6.

The differences in individuar samples can be attributed to differ-
encee in textuie. In general, the coarser textured samples have lowetnatural moisture contents and less total salt. The amount of salt preEentat theSe three locations is approximately the sarnc oo found in the rsarl-
bed aamplee at mile post 6, as given in the Report, part rv, but somewhat

33



Table ?-4. chemical composition of Salt in the soil Samples on Basis of I 5 SoiI-water Extracts.

oo
(-
o
U'o
I

tao(o
-ooo
n
o
=-It
q)

=o
o)
I

,,
E

T]
o)(o
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higher than found at the other locations from mile posts g to 20. The percentage
of sodium is about the same ag for the roadbed samples at mile posts 6 and I
but higher than at the other locations. The percentage of calcium averages Iess
and the potassium more than in the previous samples. The chloride p""""rrt"ge"
are also higher and the sulfate percentages lower than in the previous sampt.s.

Organic Matter, pH, Lr.me, and Gypsum

The organic matter content of all samples, as given in Table ?-3, is low but
averages nearly twice as high at mile post ll as at mile post 7, 1.74 percent
compared with 0.!2 percent. rt al60 averages higher than for the previous
samples which were about 0. 75 percent.

There are no signrficant diffcrcncee in thc pFI walucs at thc thtcc leLaLioltb,
The values for the l:5 extracts are higher, J.2, th,anfor the soil pastes, g.0,
ag would be cxpected because of the depressing effect of the high salt conten!
of the soil pastes. The lime content, caco3 equivalent, averages higher at
mile post 7, tban at mile post ll, 5?.2 percent compared with 50. g percent.
These values are slightly lower than for the previous tests. These high Iime
contcntr arc aagsuial,crl witlr low base exchange capacttres.

The gypsum determinations are highly variable as might be expected because
gyPsum ls often found in relatively large cry6tals scattered throughout the clay.
Individual determinations range from less than one milliequivalent per 100 gramr
of soil for four aamples to ?8.? for the 5-foot depth at mile post 9. Average
values range from 17.? at mile post ? to 3.? at mile post ll. Thege average
values are considerably lower than the average values for the previous samples,
Gypsum determinations are based on differences in the calcium plus magnesium
content determined from a dilute extract. l:20, l:50, or l:100, as compared
with a 6aturation extract where only a small arnount of gypsum is in solution.
commenting upon the qypsurn determinations, Mr. Thorne had this to sav in his
letter report:

Referring again to the gypsum content, there seems na good chem-
ical method of determinrng this salt. Again the l:5 extracts indicate
the presence of calcium and sulfate where our regular gypsurn
analysis shorvs less than one milliequivatent per 100 grams.
Our method is based on measurement of the calcium plus. magnesium
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contcnt of a l:?O, l:50, ur l:100 solulton of the soll, calcutatlon
of the calcium plus magnesium found to a soil basis and subtract-
ing from it the amount of calcium plus magnesium on a soil basis
found ln the saturailon extract. The latter is considered to be
calcium coming from more soluble salts than gypsum. ln soils
containing calcium carbonates and high amounts of salt we mo't
likely obtain higher amounts of calcium in the saturation extract
than represent the easrly soluble calcium compounds since the
high ealinity has the affect of increasing the solubility of calcium
carbonate. Gfpsum in pure solution is soluble to the extent of
30. 5 milliequivalents per liter. But in moat cases both calcium
and sulfate exceed this amount in these l:5 extracts. An analysis
for gypsum content based pn sulfate content of the two solutione
mentioned above rather than calcium plus magnesium may be more
realistic in the case of these samples.

Base Exchange Analyses

The base exchange analyses were rnade by the same procedures
described in the Report, Part IV. Determinations were made for thetrcation erchange aapzcity, tr CEC, tho tlcrehangoeblo codium,r ESp,
and the ltexchangeable potassium, tt EKP. The results are not very
satisfactory for the reasons discussed previously. Several of the
determinations for exchangcablc sodium gavc ncgativc walues i. ugire
of the large amounts of soluble sodium chloride present in all of the
e amples.

The cation exchange capacity varies frorn a low of 4. 5 milliequival-
ents per 100 grams of soil to a high of 18.3. All of the lowest valueg
are for depths of l2 to 19 feet and rhe highest for depths o1 J7 and 4Z
feet. All theee values are low becau.se of the high lime content as
compared with most soils of this texture. There appears to be a fair-
ly good lnver6e relattonship between the cation exchange capacity and
lime content.

'lhe exchangeable potassium percentage was reasonably consietent
but somewhat higher than those reported previously, ranging from l9
percent for the sandy sample no. 104 to a high of 85 percent for no. Il9.
Those reported in Part IV varied only from 13.5 percent to 26, I percent.
The average values are 39 percent at mile post ?, 46 percent at mile
post 9, and 62 percent at mile post I1. These are roughly proportional
to the soluble potaesium pe!centage6.
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Those interested in the exchangeable sodiurn percentage of highly
saline soils should read the comments by Mr. Thorne, as quoted on page
l6 of the Report, Part IV. Regarding the present determinations, he
6ays:

The pH values and electrical conductivities of the saturation extracts
would classify all of these sarnples as ealine-alkali soils. Other
data, of coulse. shorp that they are exfremaly <atina Thc dcgroe
of sodium saturation, however, is a very elusive thing. perhips
the best evidence of the degree of sodiurn saturation can be found
in the analysis of the l:5 water extracts which show a high propor_
tion of sodium chloride in all of these samples. Thus, at equilibrium
the clay complex must be nearly saturated with sodium. We are
rrnebla tn axplain the rccultc we obtainod on oomc o{ thcoc oamplco.
In other words, negative values for exchangeable sodium. We do
know of certain phenomena that make rreasurelnents of exchangeable
ions difficult' some of these are explained in the writings of Bower
and Reitemeier in the following articles: r'Negative Adsorption of
Salts by Soils,rrby C. A. Bower and J. O. Goertzen; r'Effect of
Moirturc Gsrrtc.t w' lLe Dirvutved arrd Excrrangeable rons of soils
of Arid Regions,tt by R. E. Reitemeier. Soil Sci. Soc. of Amer.
Proc., Vol. 19, No. 2, April 1955; Soil Sci. 6l:195 (t9461. In this
report, as before, the values given wrth prrme symbol are those
obtained on the samples washed with 80 percent alcohol. The ECs
prime values show that waehing with B0 pelcent alcohol was quite
effective in removing soluble 6alts and the amounts rernaining in
the soil after washing were comparable to thoge norrnally found in
saline soils. Yet in several cases w€ were unable to get what
appear to be reasonable figures for exchangeable sodium. At the
first location the second and third depths gave us negative values.
In other words, the water soluble plus the exchangeable sodium).
Two negative values were also found at the other two locations.
Both measurement of water soluble and total sodium were duplicated
in order to see if the negative valueg were simply due to analytical
error. Essentially the same values were obtained upon duplication.

The other extreme also existed in a couple of cases. ln other
words, the exchangeable sodium seerned to be way too high.
One example of this is the upper depth of location No. 2 where
the exchangeable qodirrm percentage ie reported ae 99 and exchange-
able potassium percentage as 38. Exchangeable potasaiuna, on
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the other hand, is relatively consistent and potassium forms a
rclatively high prroportiorr vf tLe cxsLarrgeable iuus irr all oI these
samples.

Summary and Conclusrons

. l. The mechanical analyses reported herein, togethe! with the
boring logs as reported in Fig. 6-1, (Part VI), page 8, indicate that
the soil to a depth of about 20 f.eet is highly stratified with several layers
of sand of various thicknesses interspersed between layers of clay and
silty clay. Below 2O teet,the soil is more homogeneous, and all samples
were classif ied as clay or silty clay.

Z. The soils are highly saline, containing 8 to l6 percent salt, on a
dry-weight basis, of which more than 80 percent is sodium chloride.
Nearly all of this salt, with the exception of some gypsurn, rs in the soil
solution at the naturaI moisture content. Little if any is in the form of salt
crystals. Chloride salts predominate with 9l to 94 percent of the total.

3. The organic matter is low, averaging about 1.3 percent. The
pH values average about 8.0 for the saturated soil pastes and 9.2 for the
l:5 soil-wrtcr extracta. The lime content of the eoi[ ie very hig]r, avcrrg-
ing from 51 to 5? percent at the three locations, With some exceptions,
lime content i6 lowest for the samples below 25 feet. The highest percent-
agc, 82.? porccnt, io for thc oandy oamplo no. lO4. Thc gypaum contcnt
varies widely, ranging from less than one milliequivalent per 100 grame
of soil to a high of 7t. The average value is about 12, but it ranges from
17.7 at mile post ? to 3.7 at mile post ll. On a weight basis, the gypEum
varies from less than 0.0? to 5.35 percent.

4. (;onsiderabte diff iculty was expertenced ln connectlon wlth the
exchangeable cation determinations. The exchange capacities are [ow,
varying from 4.5 to 18.3 milliequivalents per 100 grams of soil. This
low exehange capacity is attributed to the high lime content of the clay.
In spite of the high content of sodium salts, some of the determinations
for exchangeable sodium gave negative results. Exchangeable potassium
percerrtages range from l9 to 85 percent' averaging about 49 percent.

5. On the basis of these analyses, the soils are classified as
highly saline alkali soils.
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MOISTURE CONTENT. COMPACTION TESTS

AND ATTERBERG LIMITS OF SOIL

FROM DRAINAGE CANAL SPOIL BANKS

by

J. E. Ghrigtiansen
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Introduction

A major question that muEt bc anowered wtfh lespect to the con_sttuction of Interstate Highway gO 
""ro"" the SaIt Flats is whether ornot it is feasible to
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this material courd be drained and dried to a suitabre moisture content be-fore placement and compaction, it would, in all probability, prove tobe a satiefactory fill tnetcrial.

Numberous physicar tests have been made on materials taken fromdepths to ncarry 50 fcct. T'ese teats lndicate that from the surface, orfrom the bottorn of ealt cr!6t, to " i.p,*, ii'"oout z0 feet the materialis highty stratified, cone-isting of layers of s't and clay interspersedwith layers of oolitic sand of vartous thi.krr."s"". Most of the material,however, is classified as silty 
"t"y, *iii-"omu samples classified asclay. The clay fraction generally congists of about 50 percent in therangc of orre tu two ?nicron6, aa,d the rest finer than one micron. Thesoil moieture occupying the pore epace is easentially a saturated colution
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of brine of which about 90 percent is sodium chloride (NaCf). Nearly alt
of the salt in the soil is in solution rather than crystalized salt. with the
exception of gypsum which is found in crystalline form in some of the samples.
(See Report, Parts IV and VII. )

Except in very dry years, guch as 1951, the depth to thewater table over
much o{ the route is within a foot or two of the surface, ln many places within
inches of the surface. In some areas, however, the water table has been lowere<
by the excavation of drainage ditches south of the railroad by Bonneville, Ltd.,
and also by the recent reopening and deepening of ttre so-carled 25-Mile Ditchnortrr sf tLc p1goo,,r trrghway. 1ne water oept[ in this drain at mire post 11.6,on August 17, l!61, was about g feet; and 300 feet east of the drain the watertable waa 5 feet deep' Observations indicate that the drains effect the watertable for distances of 0.5 to r.0 mite from a drain. It has beenfound that thesubsoil underlying the salt crust from mile post 7 to the easterly edge of trresalt crust at about mire post l2 is hignry permeable to Iateral movement ofwarer. Thrs condrtion also exists between mile post lZ and somewhere betweenposts l5 and r?. The lateral flow takes prace in vertical dessication cracksin a blocky clay structure that varies in depttr below the surface at differentIocations from about 3 to 9 feet. (See Report, part I, II, and X. ) Samples
taken where the water table is at a depth of about 5 feet indicate, however,that the rnaterial is essentially saturated, with a moistrrre content o( 3oto 40 percent.

The questions that need to be answered are: How crn this co.turatcd nratcrialfrom near or below the water table be excavated, spread, and compacted in ahighway fill? could it be excavated with a dragrine from deep trenches similarto the Bonneville drains, placed in adjacent epoil banks, allowed to drain anddry fora'gufficient period of tirne, subsequently hauled to the filI, and epreadand compacted to a desired density?

The thought occurred that this queetion might possibly be answered in apreliminary way by obtaining soil samples f ."r., tt e different_aged spoilbanks of the Bonnewillc drei.ns fqr thc purpuDc of determtnlng tlie natural
moisture at different depths from the top of the embankmentl, together
with the optimum moisture content for compaction. To better interprec
thcoc comparisono, Au.erberg llmtr lests were al60 rnade on the compac_tion samples. This report present6 the resutts of such tests on samores
secured June 15 and 16, 1961.
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Obtaining the Samoles

Samples were obtained by Derle Thorpe of rhe State Highway
Department, and J. E. Christiansen and Harl Judd of the USU
Engineering Experiment Station, permission to take the samples
was secured from Rands Wiley of the Bonneville potash Co.Mr. Wiley also furnished information relative to the approximate
age of the drains and spoil banks. Banks of widely difierent ages
were sam1rlcd in nrda- ta dctcrmino, if poooiblc; rhe ayyleaj.ruaCc
rate of draining and drying of the material when ptaced in uncompact_
ed embankments along the drains. The material in these embank_
ments is several feet above the water table and would have had
opportunity to drain and dry.

Thc words',droi[., arrrl',dry,. as used lrere, have slrghuy
different meanings. water that rrdrains. from tbe soil wilr also
remove some of the salt from the soil, as it has previously been
ascertained tha! most of the salt present in the soil is in the soil
solution. Water that is lost from the soil by ldrying, r' or the
evaporation of the water, will leave the salt in crystalline formor ln a mole concentrated soil solution. Tests to determine thesalt content of the soil in the spoil banks might, therefore, indi_
cate whether the moisture content has been reduced primarily
by drainage or drying.

At mo6t of the locations sarnpled, the soil was removed
from a vertical hole at the top of the embankment with a 6rinch
post-hole auger. Usually a sample for moisture content was tak_
en from the surface, sometimes at 0.5-foot in depth. again at
1.0 foot, and each foot thereafter to the natural surface of the
underlying aalt, or soil, as the case might be. Large samples
of about 50 pounds were obtained at only one or two depths in
each embankrnent, usually at about mid-depth. These samples
consisted of all rnaterial for a depth of!.0to 1.5 feet, rather
than a mixture of all the natcriel froo the surface to the bottom
of the hole. Since the embanlcments represent a rnixture of the
Ealt and soil encountered from the surface to the degth of the
drain there was no way of determining from what depth any of
the material encountered had originated.
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Sample Locations and Descriptions

A total of E4 moisture samples and l0 largc compactierr uarnpleswere obtained from 9 different locations. The approxii:nate location
and description of these sample sites is given in Table g_1. A sketch
map of the area showing the approxirnate rocations of 'ltes 4 to g is
shown in Fig. 8-1.

Moicturo Sam loo

'fhe moisture sampres were taken directly from the tip of theauger, placed in tinned sample cans, and seatedwith plastictape to
prevent drying prior to weighing. These samples consistedof 100 to246 grams of dry soil. They were weighed on an electronic scalelwlth [he readhgs taken to the neare6t 0.01 gram, then dried in an
oven at about l05o C for about 48 hours.

To determine the approxirnate salt content, the entire sample
of oven-dried soil was praced in a jat containing 5 mi[iliters of iis-tilled water per gram of dry soil, making a l:5 soil_water extract.
The dry soil slakcd rapidry. The suspension was ahaken severar
time6 then allowed to stand until the Iiguid above the soil.wa6 e6-
sentially clear. This extract was then diluted by arlding 9O gramc
of distilLed water to l0 grams of the extract, making a ditut;d l:50
soil-water extract.. The conductance was then deterrnined with two
laboratory solubridge conductance metera, models RD-26 and RD-15.
These conductance meters were subeequently caribrated by determin-
ing the conductance of a sodium chloride (NaCf) eolution made up of
I0 grarns of salt t-o I liter of distilted weter. A{tcr dctcrrnining thc
conductance reading of thiE solution with both metera, the solution
was repeatedly diluted by adding equal volumes of distilled v/ate!,
Theee conductance readingo f,or thc diffcrcnt dilutio's were plotted
on two-cycle logarithrnic paper against the salt concentration, and
the estimated salt concentration of the extracts were read directly.
from thcoc calibration curvce. The avcragc of the determlnatlons
for the two meters was used for the final estimate of the salt content
which is exptessed as a percentage of the dry weight of the soil and
as a percentage of the natural moisture content of the sample. This
latter figure indicates whether o! not the salt in the sample ie in
solution or if it exceeds the solubility of the salt in crystalline form.
The results of the6e analyses are given tn J..able E-2.



Table 8-1. Approximatc Location and Descriplio4 of Sample Sites
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Flgure 8-1. Lobation of sites f rom which soit samples were obtained frqm drr.inage canal spoil banks.
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Tablb 8-2. Moisture and Salt Content of Soit Samplee .
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Site
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Conductance
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29
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34. 0
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1,60
4.20
2.55
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2.20
2.'10
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3.85
3.85
4. 00
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2.60

11.60
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3. 60
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2,35
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4.40
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".9o3. t0
2.70
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2.go
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12. t8 34.3

' 6.92 2?.8
9.65 24.8
5.92 16.7
7.50 24,3
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8,92 22.3
L4.25 37.3
I1.00 39.4
10.92 2A.3
I l. 25 29.9
14.25 39.8

7,00 20,7

i7. 80 600. o
11.92 42.4
10. 12 34. I
LO,42 41. 1

5. lz zI.6
6.25 24. I

to.62 34,7
L2.62 40.2
IO. le 3{,3
ll. z0 35.2
9.50 z9.r
6,32 24.7

17.00 70.8
4.14 L'|.6
8.67 25.5
7.32 Zl.8

10.62 3r.7

sample taken at edge of water in drain to south of site 2, about ?.5 fJit below gront
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Table 8-2. Moiature and Salt Content of Soit Samplee. (Continuedl

Site
No.

Can
No.

Natural Conductance Salt Content
Depth Moisture RB-26 RB-15 Soil Bagie Moisture B

l5
I6

l7
l8

56
57
58

feet
5.0
6.0

o
1.0
2.0
3.0
4.0
5.0

0
0.8
2.0
3.0
4.0
4.5

0
I.0
2.0
3.0
4.0

1.0
2.5
3.8

59
6o
6r
6z
63
64

of,
66
67
68
61

percent millimhos/cm25oC
31.0 z.z5 1.75
29.5 Z.6s 2.00

percent percent
6,05 19. 5

?.08 30.8

32.t2 23l. I
t5.62 51.2
23.80 93.3
8.58 25.6

rt.25 34.3
11.70 39.7

zz,oo 96. I
15.55 55. 3

29,62 r61.9
21.88 69.0
LZ.gZ 38.3
6.7? eo. o

32.48 232.0
15. 12 38.4
zz. t8 84. 0
31.80 164. I
20.50 to,4

9. 30 25.3
a.1z 26.7
7,62 23.2

13, 9
28,8
25.5
33. 5

32.8
29.5

zz.9
28.1
18. 3

31. ?

33.7
33.3

I4,0
39.4
26.4
19. 3
2i. I

36.7
32.6
32.7

10.02 8.40
5.40 4.25
8.00 6.20
3. 15 2.40
4.00 3. l0
4.2a 3.20

7.40 5.80
5.30 4.25
9.40 7.80
7.40 5.7 5
4.50 3.55
2,55 l. t0

I0.30 8.40
5.20 4.ZO
7,35 5.90

10.00 8,20
6,73 5.60

3.35 2.60
3. ZZ Z.42
2.75 z. t8

70
7l
7Z
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Compaction Teets

compactio' leitr were made ln the usu r,ingrneering Materials Laboratory
undet the direction of Dwayne Nielson, Two methoda were used: the standard
Proctor method, AASHO designation T99; and the Modified AAsHo method,
designatlon Tl80. Eoth tests were made according to standard procedures.

The optimum rnoisture content for the proctor and Modified AAsHo
compaction tests, together with the moisture content for the corresponding
samples and the plastic and liquid limits, are given in Table g_3.

l)iscussion of the Results

Natural Moisture and Salt Content. T?re natural moisture content
of the soil in theembarikment, below at depth of 1.0 foot, varied from a
minimum of 18.3, to a maximum of 40 percent. Most of the samples
at the.surface and at 0.5 foot are somewhat Iower in mnicfrrra cont.nt
t].an the average below that depth, indicating that drying does not occur
to any appreciable extent below a depth of 1.0 foot.

?he salt content, expressed as a percentage of the moisture
content, also indicates this same conclusion. When this salt per-
centegceyreade this solobility limit of thc oalto, approxirrratcly 32
percent, it indicates that some of the salt is present in crystalline
form. Apart of this may be gypsum that has dissolved in the l:5
soil-water €xtlacts. Whcrc thc pcrcentagc figure iv Ligh, it indicates
that salt has precipita.ted on drying, as for the surface samples at
sites l, 3, 5, 6, ?, and 8, or that some of the cryetalline salt from
the salt crust i6 mixed with the soil in the sample, At no place in
the embankrnents were large hard blocks of salt encountered, but
at several places in the younger embankments, sites 4 to 8, granular
salt crysl,als were encoultered. Apparenuy the blocks of salt re-
moved from the hard salt crust are broken up when dropped onto
the embankment, or the blocks disintegrate in the embankment. The
high salt percentages, on a 601l-rnorsture basis, at depths of l. O

foot or rnore, appalently indicate the presence oI the coarse granu-
lar crystals originating from the salt crust. It will be noticed that

48
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Tabte 8-3. Cornpaction and Atterberg Lirhit Tests

ite
No. No.

Depth Proctor Melhod
Optimurn Dry Unit
Moisture Weight
Contcnt

.AAS3OMethod
Oplimum Dry Unit
Moisture Weight
Ccntent

I'latural Moistrre
Depth Content

Plastic
Limit

Liquid
Limit

Plastic
Index

feet

2.0-3.0

5. 0-6. 5

3, 5-5. 0

pelcent tb/c percent lb/c feet

2.0
3.0
5.0
6.5

3,7
4.5
5.0

3.0

1.0
2.0
3.0

2.0
3.0
4.0

2,. O

3.0
4.0
5.0

-
Percent Per cent

29.0

29.0

31.0

28.3

30.2

29.7

27.t

Perc ent

20. I

18.6

r9. 4

18.7

zt,3

zt.3

19.4

Perc enE

8.9

r0. 4

lr.6

9.4

8.9

8.4

7.9

3

4

l-A

l-B

z-A

z3

z0

zz

102

r05

104

l6

1.,

t7

ll0

ll5

IIZ

113

Il2

l14

rtz

3-A 3.0-4.0

4-A t.5-2.5

6-A

2.0 -3,7

2.5-4.5

ZT

I9

106

105

1699

I05

18

to

t7

l6

35.5
24,9
35.4
30.8

38.6
3?.6
35. 8

29.7

'30. 6
31.4
29.5

34.0
33.6
33.5

25,5
33.5
32,8
29.5

I;
Ir

I

I

i
j

\oi

l8

I

I

I

I

I

Ir
lA)
I(o
lo
l(JlI*
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Table 8-3 (Continued)

)rte
No,

Pth Proctor Met od.
Optimum
Moisture
Content

hod
Dry Unit
Weight

Liquid
Lirnit

Plastic
lndex

Plastic
Depth Content LirnitNo. opttd;--Tffitt

Moisiure Weight
Content

eet percent lb/cf Percent

l4

L4

l8

lb/c

116

llz

lll

feet

2.0
3.0
4.O

1.0
2,o
3.0

l.o
2.5

Perccnt

18. ]
31.7
33.',|

39. {
26,+
19. j

35. ?

32.6

Perc ent

zt. I

lo a

22.3

Pe!;ent

27,4

31. 5

33.8

Perc eat

6.3

Il.7

11. 5

z,5-4.0

8-A r. 5-2. 5

t.0-2. 59-A

19

z0

zt

l0s

104

103

vlo
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such salt occurs at the 2.0-foot depth at site 6, and at three levels at
? and 8.

Much of the variation in the natural moisture content below depths
of 1.0 foot is believed to be due fo the teytulal variation. Thie is aloo
indicated by the Atterberg lirnit tests. There appears to be no aignifi_
cant differences in the rnoisture content below a 1.0{oot depth of the
two old embankments, sites 3 and 9r and the remainder of the sites,
several of which were only a few months old. This would lead tothe
conclusion that the little drainage that takes place, occurs during the
{irot {c* aontl.o. After- thotl tl'o rlr oiAcgc r 4!s ,Is Da llow ab !(, be
negligible. The moiature content in these ernbankment6 appeats to
remain appreciably above the optimum moisture content for compac-
tion.

Compaction Studies. The compaction studiee indicate that this
nrarerlal can be compacred ro a Standard proctor clry unrt weight of
about 104 pounds per cubic foot at an average optimurn moisture con-
tent of about 20 percent, expressed on the dry-weight basis. This
optimum moisture content ig about 63 percent of the natural moisture
content of the corresponding samples. For the Modified AASHO tests,
the average dry unit weight was approximately l12 pounds per cubic
foot at an optimum moisture cont€nt of about 16 percent. This optimum
rnoiature content corresponds to 52 percent of the natural moigture
content of the corresponding samples.

If this material could be loaded, hauled to the fill, and apread
in thin layers, some additional drying would occur during thc place-
ment and compaction. It appears, however, that the material in the
embankrnents, except for a few inches at the gurface, is too wet for
satisfactory compaction- The rata of drying is very slow; probrbty
because of its low permeability to movement of moisture, its high
salt content, and the hygroscopic nature of the salts.

Atterberg Limit Tests. The plastic and liquid limit teste, the
plastic index, and the plasticity index all indicate that the rnaterial
in the epoil banks rvould be roasonsbly oatiofactory {or high*ay fillo
if it could be placed and compacted satisfactorily.

Presence of SaIt in the Embankments. Indications are that the

"att p the form of a saturated
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brine and that crystalline salt occurs only near the surface where it has
been deposited by moisture evaporation or where it has originated from
rhe salt crust. 'r'his latter source of salt could be readily eliminated
by separating the salt crust and the underlying subsoil materials during
the excavation by piling the salt crust on one side of the trench and the
soil on the other, forrning alternate rows of salt and soil. A suggested
Iayout for the excavation and the embankmente on the hard salt crust
is shown in Fig.8-2.. This arrangement would facilitate the toading of
the material and rninimize the hauling distance.

The presence of a saturated brine in the eoil is haliarrart ra prc-
sent no serious problem with respect to its use for highway fills.

The layout suggested in Fig. g-2 is schematic only; no attempr
has been made to determine the minimum distance f rom the highway
fill for placing the trenches or the optimum size, spacing, anJlength
of thc lrenrhec. In the zrcr illuctretedl thc prcocncc of thc tlrick salL
crust would facilitate the excavating and hauling of the materials to
the fill. It is assumed that the fill would be placed and compacted on
the salt crust. Removal of the salt crust and exposure of the saturat-
ed soft clay and silt beneath it wo'ld probably plesent some addition-
al serious problems in filt placement and compaction. Excavation and
houling of soil uralerialv frurn borrow areaa ro the east of the satt
crust may also present sorne difficult problerns.

Surnmary and Concluslons

l. The soil in the spoil banks of the drainage ditches remains
at a high moisture content for an indefinite period of time. Average
moisture percentages for samples taken from a depth of 1.0 foot or
more lange in moisture content from about 25 to 40 percent, dry-
weight basis, depending on the texture and presence of crystalline
salt.

Z. Compaction studies indicate that the optirnurn rnoi6ture
content for compaction is approximately 20 percent, varying Borhe-
what with texture.

3. Soil samples taken from near the surface and from a depth
of 0.5 foot indicate some drying and, consequently, an increaee in
salt content when expressed on a soil-moisture basis.
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4, Other tests perfotmed as a part of this and other studies
indicate that the material would be suitable for fitl material if it
could be placed and compacted in the fill economically.

The following tentafive conclusions appoer justi{ied:

l. The material in the embankments is too wet for proper
placement in a highway fill.

2. The rate of drying is so slow and the depth to which drying
occuto io oo ohallow tlrat it io rrvt fqapiblq Lu pr€-cxcavaEe che ma[ef1-
al and deposit it in ernbankments to reduce the moisture content before
placing it in a highway fill.

3. Moisture contents iri the embankment, aa compared with
the natural moisture content of undieturbed samples of the subsoil
a5 reporred ln rhe Report, Parts YI, and lX, indicate that relatively
little moisture is lost from the embankments by drainage.

4. From the available information it would appear that it would
be exttemely difficutt, if not impossible, to excavate material along
the proposed route and place it in a highway fill arxl meet nrandarde
for density as required for Interatate Highways.

Recommedations

To more fully determine the problems involved, however, it
is recommended that:

l. A short section of an actual highway fi[ be conatructed on
the salt crust from matorial tohcn {rom thc opuil bcuk of the z5 rntle
ditch to determine:

(a) the construction and material handling problems involved.
(b), the dsneitieg that can bc ebtaiu€d wich practtcal constructton

techniques.
(c) whether or not practical and economical techniques can be

devclopcd for utilizlng the along-route materlals.

Z. That a second short section be conatructed from matelialg
taken directly from beneath the salt crust for the same purposes a6
enumelated in item 1.

t

I
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R ecommendations ( Continued)

3- That during and folloping thc conqtruution of the [ebt embankments
spe,cified in items I and 2, that a soil moisture and density sampling program
be followed to determine the actuar moisture contents,densities, and dryingrat€e.

4. That a more detailed program of soil moisture samples be conducted
on selected spoil banks to determine the possible changes in soil moistureduring the summet drying period.
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Part D(

FIELD PLATE BEARING TESTS ON SALT FLATS

by

J. E. Christiansen

Dwayne Nielson

Bal Patil
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Introduction

During the week of July 25-28, and again on August 16-I7, 1961,
plate bearing tests were made at oeveral locations near o! along the
proposed route of fnter6tate Highway 80 east of Wendover, Utah. Three
of the tests were made west of the salt bed neat the Bonneville Ltd.
potaeh plant and the others to the east of the easterly portion of the
25-mile drain.

Purpose

The purpose of these tests were twofold:

l. To work out satisfactory techniques for making such tests
using available equipment.

2- To makc some preliminary dctcrminotions o{ thc bcar ing
capacity of the soils, both at the surface and at various
depths below the surface.

Eguipment

Thc basis piccc o( equlpmenc used for these tests was the eal,it-
ornia bearing ratio field test equipment furnished by the Utah State
Highway Department. This consisted of a special gear-driven jack for
appfytng the 1oad, two provrng lrnge with dial gages for measuring the
applied load, one with a 2, 000-pound and the other with a 6,000-pound
load capacity, together with a penetration dial and auxillary equipment
for measuring the pcnetration of the plate.

A special mounting bracket for mounting the jack on the rear
end of a truck and four circular bearing plates of different areas
were constructed by the Utah State Univeraity Research Foundation.
The mounting bracket wae bolted to the rear end of a pickup truck
owned by Dwayne Nielson. To minimize deflectione of the rear end
of the truck when the load was applied, two 4x12-inch planka were
borrowed from the Research Foundation and used under the rear
wheels of the truck and fastened to the rear bumper by means of
special clamps constructed for thie purpo6e. This arrangement
worked very well for loads up to about 2,000 pounds, at which time
the deflection of the planks became excessive.
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The bearing plates were made from 5/8-inch steel plate with half
of a 1.25-inch pipe coupling welded concentrically to one face. A special
adaprer was made to connect lhe 1.5-inch natronal frne thread of the cllH
equipment to the l.Z5-inch pipe thread. Several lengths of 1.25-inch
galvanized pipe, varying in length from close nipples to 4-foot lengths
were provided so that tests could be made at any depth below the eurface
up to about 13 feet.

A special magnetrc rnounting for the penetration dial provided
a very convenient means of adjusting the dial to a zero reading at the
beginning of each test. An 8-foot hardwood beam, 2x6 inches, waa used
with the dial gage to determine the penetration of the plates into the soil.

The four bearing plates were constructed with the following
dimensions:

3.571 + .005
5.051 + .005
7. 143 + .005
ro. loaT . oo5

Area
square inches

t0
z0
40
80

Ll, zz
15.87
22.44
3t, ?4

Procedure

Since there is no standardized procedure for making plate
bearing tests or for interpreting the results in the field, some time
was spent in trying out various techniques in older to arrive at a
procedure that would give conaistent results, and would not be ex-
cessively time consurning.

Tests l, 2, and 3 were made at mile post l5 with the lO-square-
inch plate. Tests l and 2 were near the well used fot the transmissibility
tests, and test 3 was near the north-pole line, about l/2 mile to the north.

Test I was made by turning the crank on the jack at a normal
speed until the dial on the 2,000-pound proving ring read 0.0010 inches,
for which the load was 39 pounds. This load was then held constant
until the end of a 2-minute interval by slowly turning the crank as the
penetration increased. At 2-minute intervals the penetration dial was
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read and the load dial increased by another 0.0010 inches. When the
Ioad dial reading of 0.0O30 inch was reached, the corresponding load
of l16 pounds was held constant while eight consecutive penetration
readings were made at Z-minute intervals, This process was repeated,
but with only one to three penetration readings at each increment of
load until a dial reading of O.OO?0 inch was reached corresponding
to a load of 2?l pounds, or 27. I psi. This was the maximum load the
soil would withstand. Thie load was held constant while the penetlation
increased from 0.611 .inch to 0.785 inch. This test required a total
of 77 minutes, which was considered excessive.

Tsot 3 cliffor-gr:l irr ttrat vAly wrrc pe..e!t4Llert (cddtrrg w4D rrr4d€
at one-minute intervals until the maximum load reading of 0.0110-
inch, or 426 pounds was reached. Again the load was applied and
held constant until the end of the one-minute interval when the penetra-
tion dial was read. The total tirne for thi6 test was l0 minutes.

'lest J was made tJy the same procedure as test Z, but at a loca-
tionabout l/2rnlle to the north, near the north pole line, onless etable
soi[. Here the maximum load was only 194 pounds fot a penetration of
0.9?0 inch. The total tirne required was only 6 rninutes,

The results of tests l, 2, and 3 are shown grap.hically in Fig.
9-1. The differences between tests I and 2 are probably due moetly
to the differences in lhe rate at which the load was applied. The two
locations were only about one foot apart.

Tests 4 and 5 were also made near the well at mile post 15,
using the l0-slluare-inch plate for test 4 and the 20-square-in.eh
plate for test 5. For both of these tests the crank on the jack was
turned at a slow steady rate. For test 4 both the load and penetration
dials were read at l5-spcond intervats for r total of 6 minuteg- tr'or
tes! 5 the procedure was similar, but readings were made at l/Z-
minute intervals for a total of 9.5 minutes. The results are ehown
in Fig. 9-2, Thc objcetion to ttrio proccdurc io that thc ratc of load
application would vary with the reeistance to penetration,and rate of
cranlsing and could not be duplicated precisely.

For tests 6 and 7 a different technique was tried. The 20-
sguare-inch plate was used for test 6, and the 40-sguare-inch plate
for test ?. The crank was turned at a slow steady rate until the load
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dial read 0.0010 inch, corresponding to 39 pounds. The craxrk wag
then held stationary allowing the load to decrease as the penetration
progressed, with readings on both diala bcing taksrr a! l/e_mlnute
intervals. When the rate of penetration had dropped to about 0.O01
inch per minute, the next load increment was apptiea and the pro_
cedure repeated. Aftcr 40 minuf,ccr raadings were taken only at Z_minute intervals. A total of g4 minutes was reguired for the test.
Figure 3 shows how the load decreased as the penetration increased
for each increment of load. The curve was plotted through the low-
e6t points.

Tlre preLedure ror Les[ / was srmrlar except that readingS
were taken only at l-minute intervals fot lO minutes, then at Z_min_
ute intervals for a total of 103 minutes. This procedure was con-
sider too time consuming to be practical. OnIy two tests were com_
pleted during the forenoon of luLy 26.

!-or all of the remaining tests, the procedure was essentialry
as follows: The load was anpried at an app"oximate constant rate of
I.93 psi per mrnute regardless of plate size. Readings were taken
on both dials at l-rninute intervals. At this rate of loading a test
could be performed in 25 minutes or less, depending .rpor, *heth",
the load limil of 2,000 pounds. o: the penelrrtion timit of l.o inch,
was reached first. This procedure standardized, z slow rate of
Ioading that could be duplicated and permitted a test to be made in
a reaeonable length of Ljne. Tests 8 to l2 were complctcd duiing
the afternoon of July 26.

Presentation of Results of Tests

The results of the tests are presented in Table 9_I and Figs,
9-l to 9-l?. Date on thc unit wcighto of tlra loil and the molsture
content is presented in Table 9-2.

With only rwo cxe cptions, Flgs. 9-lZ and 9-I6, all plate
bearing data have been plotted to the same scale. The ordinate ie
the load in pounds per square inch (psi) plotted to a scale of l0 psi
;zer i[uk, eud ttre absclssa ts the Fenetration of the ptate into the
soil in inches plof.ted to a scale of 0. I inch per inch. In Fig..,9o12
the load is plotted to a scale of 20 psi and in Fig. 9-16 the penetra;
tion is plotted [o a scale of 0.2 inch per inch.



Table 9-1. Plate bearing rests on Salt FIats

-oo
U'

no
o
J

ll
o)

a
o)
I
A
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o-

T est
No.

Mile
Post Depth

Plate
AreaSpec if ic Location

Modulus Deformation
0.2 in. 0.T in.

Load At
o-eElE3 in.
Pene- Pone-
tration tfation

Straight Pene-
Line tratiou

Pene-
tration

I
2

3
4

6
7

8

9
l0

ll
L2
l3
14
l5

miles

l5
l5
l5
l5
l5

l5
l5
I5
t5
15

l5
T5

3

3.5
3.5

rl.6
rl.5
L2,65
t2.65
25

psi/in.

z0
23
lz
34
23

2l
zo
z2
z6
LI

58
z9
43

'll
t3

2r
22
43

34. Z
7.6

2,0.2
iz. I
42,0

53.0
15. I
38. 0
37. O

62 ft N of well
6l ft N of well
U 25 ft N o{ N pole line
50 ft N of welt
t0 ft N of well

i0 ft N of well
50 ft N of well
50 ft N of well.
50 ft N of weli
50 ft N of weli

50 ft N of well
lil'ell at M. P. 15
ilZ M. N-Nll/ Bonn. Pt.

(i /2 wa'y between pole
(lines N of Bonn. Pt.

(300 ft E of E 25 M. drain,
(Midway betwcen pole lines
Midway between pole lines

100 ft E NE of well

0
0

U

0

0
0
o
o
o

u.5
t4

0
n

3,5

l1
n

4.5
0

sq.

IO
IU
IN

IO
zo

zo
40
40
zo
80

156
267
82
80
43

102
89
8Z
78
54

182
35

105
ID

zr6

50
zg0
146
49

rl5

r06
5Z
)A

77
43

39
3t
40
48
35

96
2Z
81
5t

!08

l8
r7z
69
49
74

psi/in. psi/in. psi. psi.

t8.2 25.8
zL.z 3a.0
9.8 15. t

16. I 31.0
8.? 20,0

12.4 2A.2
10. 3 t7.2
13. Z 24.2
tz.7 24.2
t0. 0 t7.2

l6
t7
l8
r9
20

40
40
40
40
40

40
40
40
40
40

8.0 t2.3
JL.5
23.0 34. 3
10.0 zt.I
19.8 38.0

c\
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Table 9-1. Plate bearing tests on SaIt Flats (Con:inued)
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-
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Qq

no
o
=-It

a
o)
I
I
J

o

Modulus orrnation
T e st Mile
No. Post Specific Location Depth

Plat:
Arez

0. Z in. O.5 in.
Straight Pene- Pene-
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100 ft E NE of well
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420.0 t5. 0 10. 0
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26.7 16.4 4.5
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94.0

sq. ln.

40
40
40
40
40

t0
40
80
40
zo

166.6 r.63. 0

+ At 0. I-inch peretration

o\
N



50

-40-

Test 2

Area - l0 in, Z

Loc. . 6I ft. N.
Depth-1 surface
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of well
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surface
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j ./i -r-lTest 3 |
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pole'line

Depth - surfacel
timp -6min. 
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t.0.9.81L6.5.4?,2.l

Penetration - inches

Fig. 9-1. Plate Beaping Test3 at Mite Post 15
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TeCt 5 i

Area - Z0 in.Z I

t loc. - 50 ft. N. of well
Deptlr - 'surf

I Tin6e - 9 min. 90 sec.

Test 4

-,Arca-l,O-in-2.Loc. - 50 ft. N.
Depth - surface
Tirue - 9 min.

Penetration - inches

Fig. 9-2. Plate Bearing Teste at MiIe Post 15
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Test No. 36
Location - M. P.
Depth - 94rl
Area 40 in.2

5 - 160r N of well

Test No, 35
Location - \4 P. l5 -
Depth - ?6" ,
Area - 40 in. "

160' N of
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Penetration - inches

Fig; 9-l?. Plate Bearing Tests at MiIe.Post t5
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No- Post SPecific Lccation Depth No. Moisture Wet Unit Wglght Dry Unit Weight
rni.

Table 9-2. Soil data in connection w:th field plate bearing tests
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62 ft N of well
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{l Apparent error in moisture determination
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In what might be described as a normal curve, there is an initial
curve' concave upward, then a straight line portion, then a curve concave
downward. when the straight line is projected to the axie, there is usu-
ally a finite value of the penetration that would correspond to a zero load_
This is usually due to the {act that the plate is not perfectly eeated and
that there is a small initial yield before the plate is fulty bearing on the
soil. In making the calculations for Table 9-1, corrections were made
in the penetration a6 shown on the curves for this penetration for zero
Ioad. For examplel in Fig. 9-I for teet I the intersection of the straight
Iine portion of the curve and the X-axis is o- o2? innh. The tard co-rc
sponding to a penetration of 0. z inch would then be read from the curve
for a total penetration of o.223 inch, and the modulus of deformation as
the slope of the curve at this same penetration. To minimize this cor-
rection, for most of the tests, it was the practice to apply a small initial
load to tbe plate, then back off the load to a zetoload diat reading, then
adjrrst the nFnetr^tian dial to a zero re:ding. I{ thio initiol lood wao
excessive, the straight line portion of the curve when projected might
intersect the X-axis to the le(t of the origin for a negative penetration
reading.

Table 9-l lists the tes[ number, the specific location of the
tcet and thc dcprlr below ltte surface, the modulus ot detormation for
three points on the curv.e, the initial straight line portion, the modulus
at a penetration of 0.2 inch and at 0.5 inch, and also the loade cor_
respondlng ro penetrations of 0.2 and 0.5 inch.,

It wiII be noticed that some of the curves are not of a typical
shape: for example, test 12, Fig. 9-6, Here, after a penetraiioa of
about 0.2 inch the curve turn6 upward instead of continuing downward.
This test was made in the l2-foot well used for the transmissibility
test.. Before the test was made, the bottom of the hole was flattened
with the special bottoming auger constructed for this purpose; but it
appears that there was still a layerof soft material in the bottom of
the well, underlain with firmer material. The rnodulus of deforma-
tion at a penetration of 1.0 inch is p.6U"Ufy rnore nearly the true
modulus for the material below the l?-foot depth than rhe modulus
for the O.2 and the 0.8-inch penetrations. fn eumrnary, a curve
that turns upward indicates a firmer material a short distance below
the plate, and a curve that breaks sharply to the right as shown .'
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for test 23, Fig. 9-ll, would indicate a soft .naterial a short distance
below the firm material on which the plate was seated. Since the
matelial from the surface to a depth of about Z0 feet, as shown by
other borings and eoil samples, is highly stratified, coneisting o(
layers of soft and firm clays and silts, interspersed with layeis of
oolitic sand of various thicknesses, and with occasional layers of
hardened lime material, or thin salt crusts, it would be surpriding
if the curves exhibited the properties of a homogeneous material.

At tha and af tl-rc teet, j,t s,:o tLo uoual pr-astise ts,Jiogvlliuuc
the applrcation of the load allowing the jack handle to remain stationary
and to continue the load and penetration readings for several minutes
or until the rate of penetration had decreased to about 0.001 inch per
minute. The plots of these additional readings are illustrated by the
three curves in Fig. 9-?.

Two sets of tests were made to evaluate the effect ol size of.
the plate on the results obtained. Housel,t as6umes that a load on a
foundation, or bearing plate, is supported partly by pressure on the
plate area, and partty by perimeter shear. The relationship has been
expressed by the equation

L= nA*mP . . . ( l)

where: L = total land in pounds
A = area of the plate
P = perimeter of the plate

n and m = coefficients that can be evaluated by teeting plates
of two sizes and solving the simultaneoua equationa.

!'or te6ts 8, 9, and 10, Fig. !-5, plate areas of 20, 40, and
80 square inches were used. Theee tests were made on the surface
near each other. For a penefration of O- 5 iach, the three equationo
can be written:

* W. S- Horrsel, A Pr?,cticaI Method for the Sol.cction of Foundatiqno
B""ud orr Fatrtd
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484=2O n+15.8?m. .. (2,

880=40n*22.44m. ..... (3)

1384=80nf31.?4m. ..... (4)

Solving equations (2) and (3) simultaneously, one obtains:

n=16.7andm=9.5

For equations (2) and (4), the values are:

n = 10.4 and m = 17.4

For eguations (3) and (4), the values are:

n=6.2andm=28.1

The agreement is not good. Using the mean value of n = lI. I and
m = 18.3, the calculated and actuar roads on the three plates for a
penetration of 0.5 inch woul.d be:

83

Plate Area
Square inches

z0
40
80

Similar corirparisons can,
value s.

Calculated Load
pounds

512
855

1469

Actual Load
pounds

484
880

1384

of course, be made for other peoetration

The second Eet of tests on the different size plates at the same roca-
tion were tests 29, -3O, 31, and 32 shown in Fig. 9-f4. Hcrc, six cets
of simu.ltaneous equations can be set up and solved. For a penetration
of 0.5 inch, the solution of these equations results in the foilowing valuesof n and m.

Plate Area Value of n Value of m.'...'.-..'.:-
squate r.nches psi psi

l0 and 20 23.59 3.O4
lO end 4O I.t. O I I t. 56
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(Conlinued)

Plate Area
slliFiii6frLs

l0 and 80
Z0 anil 40
Z0 and 80
40 and 80
Mean

Plate Area
square inches

l0
20
40
RO

Tests 33, 34, 35,

Value of n

-

Psr

It.54
7,23
8. 00
8.55

tz. t5

Calculated Load
pounds

301
497
845

1480

Value of m
P.i-----

13.78
23.65
22,68
2t.30
t6. o0

A attral Lotd

l"u"EB
2?0
520
820

I 300

and 36 and Figs. 9-L5, 9-16, and !-l? were
made for the purpoee of evaluating the bearing capacity of the subsoilr
especially the blocky clay in which the subsoil flow takes place. These
tests were made at depths of. 40.5, SI.7S, ?6, and 94 inches below the
ourfaccr Tcoto 33, at a depth of 40.5 lnchea, was tn a 6ott clay below
a sand layer. The initial modulus of deformation was fairly high, 203.3
psi per inch, but at a load of l0 psi, the soil began to yield, and the modu-
luu dropped to a low value. At a depth of 51.?5 inches, teet, 34, the
initial modulus \ira6 very Iow and the load was only about 5 pai for a pene-
tration of 0.2 inch. At a penetration of 0.1 inch, the load was only iz psi.
The penetration dial was re6et and the test continued. The time delay
with the continued penetration of the plate wtrile the dial wae being reset
caused a aharp break in the curve. The probable curve, had there been
no interruption, is shown by a dotted line. It appears from this curve
that the plate was on a very soft clay with considerably firmer material
a short dietance below. For test 35, at a depth of ?6 inches, the plate
was bearing on a layer of oolitic sand of eeveral inches in depth. This
material had a higher bearing capaclty but began to yield at a load of
about 20 psi. At the final depth of 94 incheg, the plate was on a firrn
clay below the aand. Here the modulus of deformation and toad bea.ring
capacity was much greater. These testE illustrate the highly stratdied
and variable natule of the subsoil materials and the difficulty that might
be experienced in trying to predict accurately the settlement of the fill
that rnight be expected. The soft material found at the 51.?5-inch depth
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rntgb! yleld and consolidate condrderably under the load induced by the
fill and its placement. Just what the stabilizing effect of the fitmer
materials overlying this soft material would be cannot be predicted
accurately. The existing load of the overlying materials at a depth of
52 inches would be about 3 psi. When a fill load of about 5 psi is added
it would be well past the yield point for this soil.

Gonclusions

1. A technique has been worked out for making a {ield plate bear-
ing te6ts that yield useful data on the bearing capacity of the soil.

Z, A cornplete test can be made in a period of about one hour, per-
mitting several tests to be made in a day.

3. The tests can be made on the undisturbed surface, or at any
desired depth below the surface. Test6 were successfully made at a
depth of LZ feet, but the same technique could be used for depthe up to
2O feet or more. The principal difficulty at such a depth would be that
of constructing the hole with a hand auger.

4. The tests perforrned on the eurface indicate that the bearing
capacity as indicated by the load at a given penetration of the plate, or
by thc rnodulus o( deforrnatian at any glven penetratlon, dependa upon
the plate area, and that some of the load is carried by perimeter ehear.

5. Tests performed at different depths below the surface show the
highly stratified and variable natule of the eoit with depth.

6. lt rE believed from a study of the test data obtained to date that
the soils in the areas teated hag an adequate bearing capacity for low
fills of the order of about 5 feet, but that considerable consolidation and
settlement might take place.

7. It would appear doubtful that actual settlernent could be predicted
from auch teets without first correlating the results of rather detailed
field teste with subsequent settlement data. For the benefit of future
investigatione, it rnight be vety desirable to conduct such a detailed atudy
in a given area and follow up with careful determinationE ot the settlement
of the fill over a period of time.

85
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8. Long-time plate bearing testg, in which the platc. of sonewhat
Iarger area would be loaded and left in place until no further settlement
occu!red, might yield very useful data, especially if euch tests w€!€ con-
ducted in connection with short-time testn of the type deecribed in thio
report. Equiprnent for such long time-tests has not yet been developed.
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Introduction

On July 5 and 6, and lO-12, I961, additionel transmicsibility tcsts werc
attempted at seven locations beginning at mile post l5 and extending to naile
post 40 at Knolls. With the exception of the test at mile post l? all loca-
tiono werc ot {iwc milc intcrwals.

Wells were bored with an eight inch auger to a depth of about nine
feet at all locations. Soil samples were taken at all sites for laboratory
tests.

Tne rtrsr pumplng. re6! wa6 made at mrle post 15. The results were
quite sirnilar to those obtained at Stations 392+91 and.444+?0 (approximately
mile posts ?.4 and 8.4) as reported in Part IL The transmissibility values
at the8e two atationc were the highest found along the route between mile
poste ?.4 arrd 12.2 The second pumping test was attempted at mile post 20.
?he transrnissibility at this location proved to be 6o low that the pur4ping
method could not be used. A pumping test was then attempted at mile post l?,
but again the transrnissibility was too low to obtain satisfactory tesults,

At no place east of rnile post l5 was the transrnissibility sufficient to
obtain satisfactory results with the pumped-well method. Tests were rnade
at mile posts l7 and 20 by the post-hole method for determining permea-
bility. At rnile posts 25, 30, 35, and 40, the water entered the hole eo
slowly that te6ts by the post-hole method wete not feasible, and no actual
te6t6 were attempted.

Test at MiLe Post 15

The tests at mile post l5 were tnade on July 5, the well having been
bored to about 8. ? feet the previous day, Piezorneters were installed at
distancss of lO, 2O, 50, lOO, and 2OO fcet {rom thc well in all four cardiral
directions, AII piezometers were 10,5 feet in length. They were driven to
an average depth of 8. ? feet. In driving the piezometers it was noted that
hard Laycrs o{ matcrial wcrc cnceutcrcd at depthr uI Z. l, 5, ?, anp 4.6
feet below the surface. Above the first hard layer and between the first
and second hard' layers, the piezorneters penetlated very easily and could
be pucLcd by trand. Ileavy btows wlth the plezometer ttarnrner were required
to penetrate the hard layers.

Three pumping tests were rnade at mile post 15 on JuIy 5. The results
of the te6ts are surnmarized in Tables l0-l to l0-3, Tests I and 2 were
rnade with'the,well depth of 8^? feetl fe'st3 was rnade after deepening the
well to lZ. Z feet.

AII values of the transmissibility, T, were computed from ttre equi-



Table 10-1. Transrnise ibility at Mile post 15, Test I
Radius, Elevation of Water in piezometeis, h

South North West East Average

50

100

200

7.43
7.35

7. 62
7.53

7.76

7 ,87

7,9+

7. 30 7.37 ?.46
7.25 7.31 7,44

7.52 7.47 7.50
7,46 7 .43 ?.49

7.82 7.75 7,?6

7 .94 7 .84 7 .85

8. 01 7 .96 7 .94

r2/\ hz-ht T rans mis sibility

l00ll0
7.3e

7. 50

7.73

7.87

7,96

t00 /2o

200 /20

200 1r0

Avera

n (r

0.37

0,46

0.60

0. tzz

0.118

0.135

0. 135

0. lz8
Average time after star:ing pump, 20 minutes

Avelage discharge of pump, 0. tZ0 cubic fect per second

Depth of well, 8.7 feet
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Tabte l0-2. Iransrrrissibility at Mile Post 15, Test 2

lCIto
l(ot.
lo
ta

I'llt
l-lo
lo
l@
IU'
talo
to
l+
I -rl
lo)la
lolo)

Ir
D

Radius Elevatior, of Water in Piezorneters, h
South No:th West East Averagb

12/r1 hZ - hl TransrnissibilitY

feet

IO

20

50

100

200

feet feet feet feet

7. 19 1 .09 7. Ls ?. 30
7.20 7.09 1.L4 7.28

7 ,34 1 .30 7 .26 7 ,33
7.35 7.29 7.25 7,3')

7 ,50 ?.58 1 .54 7,48

7.60 7.7t 7,66 7.65

7,19 7.85 ?.81 7.74

fe et

?. t8

?. 3I

7.53

7.66

7. 80

r00 / l0

Lo' / 20

z0a / 20

200 / r0

Average

feet

0.48

0.35

0.49

0.62

cf s If.t

0. l14

0. 110

0. ll2

0. t15

0.rr3

Average time after starting pump second time, ll5 minutes

Average discherge of pumpr 0.150 cubic feet per second

Depth of well, 8. 7 f eet

\oo



Table l0-3. Transrnissibility at Mile Post 15, Test 3

Radius
r

Elevation of l4tater in Piezometers, h
South North West East Average tZ/rt hZ-ht Transrniesibility

feet

t0

20

50

100

200

feet feet

6.92 6.7 6
6. 88 6.7 6

7. l8 7,O4
7.t7 7.03

7.43 7,52

7.58 7,69

7.7 6 7 ,82

f eet f ee'.

6.62 7. 11

6.62 7. 12

7.04 7. L4

7 .03 7. L4

7.45 7.40

7.65 7.6I

7. 8l 7.70

100/10

100/20

200 | 20

200 | Lo

Averaga

cfs /ft

0,071

0. 0?3

0, 083

0. 079

0. 076

feet

o. u5

7. t0

7.45

7 .63

7 .77

feet

0. ?8

0. 53

0.67

0.92
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I
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Average lime after starting pump third tirne, 129 minrtes

Average discha:ge of pump, 0.152 cubic {eet pet sdcond
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libriurn equation for arteaian wells:
0.366 O Log rrlr ,

(hz _ hr)
There seems to be no logical explanation for the lower transgniesibility

values for the third test. one possible explanation might be that there are
two or more strata through which the water moves readily and that the piezo-
rneters are terminated in only one of these, or possibly in none of them, and
do not, therefore, indicate the tlue drawdown water Eurface (or the well. while
deepening the well. one or rnore of the strata corrld hawa hean lrmrrzlrliadrt irn,
impeding the flow into the well, but the piezometere might not have reftected
the drawdown for this stratum or theee strata. A change in the flow into the
well would not then be reflected by a corresponding change in the drawdown
as indicated by the piezometers.

Thc diff e rencc in ths txcncmio oi,bility wcluco for tlrc throc tcrt. io uf rrw
practical importance. All three tests show that the blocky clay strgcture
through which the {low occurs ie present at this location, and that the trans-
missibility is as high bere as at any other location for which pumping tests
were made. visual evidence, however, indicates that some of the water was
entering the well at a higher level than was generally the case at the other
lecatioIs.

The initial slope of the water table (prior to the tests), as computed
from the readings on the 200-toot radius piezometers, is given in Table 10-4.
It would appear from thia table that there may have been sn:aIl errors in the
static readinge on the 50- and 100-foot radius piezometers to the west, Neither
of these readings enter into the calculatione of the initial slope.

Testg at Mile Post l? and 20

Because of the very low transmissibility at mile post6 l7 and 20, purnp-
ing te6ts were not feasible. Permeability tests were made, howevel. by the
auger-hole rnethod as described by Winger. *

The average value of the permeabitity. K, expressed in inches per hour,
is calculated from the test data by the method outlined. These values have also
been converted to transmissibility values by multiplying by the static depth of
water in the hole prior to the test. The results of the tests are summarized
briefly in Table l0'5.

* R. J. Wi,ngcrl
face Drainage.
and Drainage,

Jr. rtln-Place Permcability Tcoto and Thcir Ucc in Subcur-
rr Prepared for the International Commission on Irrigation
Fourth Congress, Madrid, Spain. June 1960.
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Table l0-4. Initial Slope of Warer Table at V.ile post 15
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Considering only th.e 200-foot radius plezometers:
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Direction of greatest slope

0.00023 or 0.23 feet per 1000feet
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Table l0-5. Permeability Tests by the Auger-Hole Method

MiIe
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No.

Depth of
Well
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4

?

5
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4

4

4

4

g

I

I

in/hr

l. 45

l.I4

1.70

0.64

0.70

0.51

0. 58

cf s /ft

0. 0001 8

0.00015

0.00033

0.00015

0. 0002 r

0.00014

0.000r6



Atea - 20 ir..?
Loc. - 50 ft. N. of vell
Depth - surface
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Penetra-tion - inchee

Fig. 9-3. Plate Bearing Test at .vlile Post 15
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Test 15 | i

Area - 40 ln.z 
iLoc. - L12way betweCn pole lane

-Depth - 3-L/2 in.
Time - 30 min.

Test I4
Area - 40 in.2
Loc. - ll2way between pole I

N. of Bonneville ...

Depth - surface
Time - 36 rnin.

Penetration - inches

Fig. 9-?. Plate Bearing Tests Near Bonnevillc Bunk House

Test 13
A - 40 in.Z
Loc. - l/2 mile N-NW o{

Borneville Bunk House
Depth - surface - l-l/2 in.

Ioose dry material on
surface removed
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Test l7
A-ea-+UIn.- , I

Loc. - 300 ft. E, of E. Z5-Mile Drain
midway between pole lines

Depth - surface - onltop of hard,salt layer
Time - 2F min.

- 300 ft. E. of E. 25-Mile Dra

t l6
a - 40 in.Z

midway between
th - 14 in.

e lines

Penetration - rnches

Fig. 9-8. Plate Bearing Tests at 25-Mile Drain
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/ ./
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l. Q.9.8.6.5.4.3.z.l

Penctration - inc:es

Fig. 9-9. plate Bearing ?ests at VjIe.Post 12.65
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Test No. 25
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Test No. 3l
Location - M. P
Deoth - Surface
atla - 10 in.2

15 - 160'Nqfwell

Tirne . Z0 min.

Test No. 30
Location - M. P.
Depth - Surface
et"a - lO in.Z-
-l

. .l 2 .3 .4 .s

Penetration - inctes

Fig. 9-14. Plate Bearing Tests at MiIe Post l5
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Thc lower values for tests z and,4 as compared with tests I and 3 at milepost 17, and for tests 2 and 3 as compared with test l at mile poet 20, are be-lieved to be caused by insufficient time for the water level to reach a true
equilibrium between the tests- The static warer'leveL in the wells gt both Loca-
tions prior to the first test was used as the static water level in thc cornputa-
tione for all tests even though sufficient time did not elapse between tests for
the water level to again reach this iritial lovel.

It had been anticipated that both methods would be compated by making
both types of tests on the same weIl. unfortunately, the difference in perme-
ability and transmissibility at mile post 15 as compared with mile posts l?
and 20 rnade this irnpractical. The transmissibility at mile post l5 was so
high thrt tcotc b'' the rugor hoto .o.thod *'oro impoooibtc. r-i.ltc*ioc1 rl.c
perrneability at mile posts l? and 20 was so low that pumping test6 were int-
prac[ical.

Summary and Conclusions

1. Thc trarrprrrissitrility valucs dt rDllc post l5 were very hlgtl, approxr-
mately the same as at mile.post ?.4 and higher than al any of the other eight
intermediate locations tested.

Z. No increase in transmissibility was achieved by deepening the well
from 8.7 to 12.2 feet. Actually, an unaccountable decrease in the transmiss-
rbrtrty !€sulted trom this deepenrng.

3. The transrnissibility as computed from the permeability tests by the
auger-hole method at mile posts l? and 20 was the order of magnitudeof
l/500 of the value for mile post 15. This indicates that the bighly permeabte
blocky clay with vertical desgication cracks does not extend as far east as
rnile post 1?.

4. Extremely low transrnissibility values were apparent from the rate at
which the auger holes filled at mile posts 25, 30, 35, and 40. These holea
filled so slowly that even the auger-hoLe method rt/a8 not practical for deter-
mining the transmissibility.
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Part XI

ANALYS$ OF STRUCTURAL BEHAVIOR OF THE SALT LAYER

AT BONNEVILLE SAIT FLATS

by

Reynold K. Watkins

Dwayne Nielson
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Introduction

The object of the analysis is to deterrnine if the Bonneville sah crust
can be depended upon as a structural sub-base slab to support the inter-
stale hithway.

It is reported that the salt crust can support remarkably high loads.
For exarnple, an autornobile may be driven on a salt crust no rnore than
one inch thick, even though the soil immediately beneath it may not appear
to have sufficient bearing st!ength to support the tire loads. It might seern
reasonabre, then, that a salt crust many inches thick (up to 40) could surely
support a highway. Such is not the case.

Anatvsis

First consider the flexural strength of the salt crust. assrrming ft io hF
a one-way slab beneath the highway. It will be assumed initiatly that the
salt crust is- perfectly elastic and that it will retain constant structural
properties with tirne. Since the salt is ilfloatingrton a lake of mud, it can
only develop and support a load if it deforms as a loaded beam. The de-
flection of the salt is dependent not only upon the stiffness of the galt crust
(modrrlrrs of elnstieity and thicknees of ths oalt) but cloo upon thc bshavj.qr
of the underlying soil. According to unconfined compreseion te6ts on the
underlying clay the load bearing capacity is not less than about l0 pei. The
underlying sirt a,nd sand ie of, no conccrn ao it will Lc colfined and can carry
much more than l0 psi. Assuming a typical road cross section, the pressure
distribution on the top and bottom of the salt will appear somewhat a9 shown
in Fig. ll-1. The shapes of these load diagrams are assumed; nevertheless,
they are entirely reasonable. Note that the sub-baee leaction diagram featherr
off to zero according to a sine curve. The area under the sub-base reaction
diagranr uruot bs Equal to the area under rhe road load pressure diagram in
ordcr for eguilibrium to exist. Under this loading condition, the maximum
moment in the salt occuls at the center line of the road. If the road load, w,
ls assurned to be twice the sub-ba6e reaction, ws, the maximum moment
in the salt crust is M = 0.318 wLZ (see Fig. LI-ZI. For w = 700 lb per sq
ft andL = 36ft, M = 3,460.000 tb in. For a salt crustZ0 inchesthick, the
maxirnum stress would be 4330'psi. If the road load, w, is assurned to be
4./3 tirnes the sub-base reaction, wsr the maxirnurn rrroment ia the ealt crust
is M = l, 100,000 Ib in, and the maximum stless in a 20-inch thick salt layer
would be l3?5 psi. The use of 20 inches for salt crust thicknesc in the above
analysis is reasonable even though the maximum salt thicknegs may be as
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great as 40 inches because the bottom of the salt layer is so porous as
to make its flexurrl Btrengttt undcpendable, From Fig. ll of thc Roport
Part V, it is apparent that these stresEes far exceed the strength of the
salt which ranged from 250 psi at the top to 50 psi at a depth of l2 incbes.

Again it must be pointed out that thi.s analysis is based upon the assump-
tion that salt is elastic. Actual tests indicate that this is not the case but
that salt creeps in flexure at a stress of less than l8 psi and wiII, therefore,
creep under the road load. The result could only be one of the following:

l. lf Ene urElmate Deaflng capacrry ol tne clay beneath the salt was le6s
than the load, then the salt layer would simply continue to deform as the road
bed settled deeper into the clay. This is improbable since the ultimate bear-
ing capacity of the underlying soil (more than 10 psi) is itself sufficient to
carry the road load of about 5 psi.

2. Assurning that the clay consolidates under load it will eettle as the
salt crust deforms; but the settlement will stop when the bearing capaiity
of the soil is equal to the load of tbe highway fiLl. This is tho probable
result. As the bearing capacity of the underlying soil increases, the length,
j, (Fig. f) of the sine sub-base reaction curve will decrease and flexural
salt stress will decrease to a very small value which the crust can 6upport.
We must conclude that the main value of the salt ie as fill material to support
direct loads only. Flexural strength is negligible.

All of the analysis to this point is invalid if the vertical salt cracks are
taken into account. It has been observed that hexagonally or pentagonally
Bhaped blocks of salt are separated by vertical cracks which penetrate the
entire thickness of the salt layer. This causes the salt to perform as 6epar-
ate blocks (about 6 feet across) which cannot be depended upon for structural
continuity. Again it must bc coacludcd that the oalt is of no valuc €xcspt ae
bulk fill material. It may be argued that salt blocks can transmit shear
loads to adjacent blocks. This contributes nothing to the flexural strength
qf Lhc vall,. Whsrr arr cngirreer'r lsvrl wa> placcd on a sall block, i! irrclirred
a6 a man walked around the block, indicating that the 6alt crust cannot be
depended upon to transmit shearing loads. For a short time basis the salt
rnay help suppolt ftu rrraterlal and equlprnenr and may dlstrlbute rhe load
during the process of construction and consolidation. On a long-tirne basia
however, the salt can be nothing more than fill material.

A car can travel on a salt crust one inch thick for the following reason6:
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l. The carrs weight is supported only instantaneously and does not
allow su{ficient time for the salt to deform by creep nor for the confined
soil to coneolidate-

Z. The tire load causes a three-dirnensional rather than a two-
dimcnoional otrcos pattcrn and additional cupport of thc tirc is davclopvd
by the salt to the front and the rear as well as to the sides of the tire. This
is not true of the two-dimensional highway stress pattern,

3. It must be recognized that a car is very srnall in comparison with
the road bed, and the loads which might be distributed through the blocks
or salE plovlcle a maJor asslst rn transterrrng trre loads to ttre 60rl. Un
the other hand, the blocks of salt are so small in comparison with the
size of the roadbed that they may be thought of more in terms of bricks
floating in a matrix of mud,

4. Actually the soil beneath the salt has a higher bearing capacity
than anticipated. Unconfined compression tests indicate that the bearing
capacity of the clay is greater than lO psi. (Refer to Part VI. ) Certainly
a strength of l0 psi is adequate to support a highway weighing about 700
pounds per square foot, or about 5 psi. Some unconfined compre66ion tests
show bearing capacities less than l0 psi; but in every case the material is
not clay, but silt or sand. Loose silt or sand in a saturat€d state can become
quick (liquified) if load is applied instantaneously, but the construction of a
highway is not an instantaneous proceEs, and the silt and sand layers will
hawe time to connol idate, and if confined, will certainly carry the load.

Conclus ions

l. The salt crust cannot be depended upon to contribute flexural support
for the proposed interstate highway. It can eerve no better purpoee than
fiLl matcrial end o poooiblc tehporary ntcans of diltri.butirrg loodo of cguip-
ment and highway fill until consolidation of the aoil can be accomplished.

Z, I( the sall, rrrust be uucd as (ill, then it is desirable that lt be sealed
against groundwater flow. A serious limitation of salt is its instability in
the presence of groundwater flow and its tendency to dissolve and re-clystaliz'
rhus rellevlng streEses and reduclng the load-ca!rying capacily. It rnay be
advisable to place a short section of fill on the salt after preliminary eoil
tests are made, By observing it for a year, the amount of dissolution and
recrystalization of the ealt may be noted. Howe.ver, the Western Pacific
Railway Iine has been placed on fill directly on the salt crust. The rail-
road companyrs experience and tests on this fill may reveal the necessary
information.
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General Deecription

The Bonneville salt clust is essentially the salt deposited in the final depression
that remained ag the ancient Lake Bonneville dried up. This salt island extends
approximately Z0 miles in a north-south direction and is about 10 miles wide at its
greatest width. At the Jocation of the pr€s€nt !Iighway 40, thc aalt crust cxterrds Irom
approximately mile post 4 to mile post 12. lt extends l0 miles to the north and an
equal distance to tne south.

The present surface of the salt crust is nearly Ievel except where it has been
altered by the operations of the salt companies and Bonneville Ltd. For a number
of years it has been utilized for racing, and it is known as the worldts fastest
tace track.

Ourer vaLlurrE urd.lcdtc Ltldr vertlcal cracKs break tne satt crust rnto slabs 6ome-
what hexagonal in snape. The dimensions of the jndividual slabs vary, probably with
the tnickness of the salt crust. In some places there are two or three distinctly
different crack patrerns superimposed. The major crack pattern, outlined by salt
ridges 2 to 3 incnes in neight, nray {orm slabs about 50 feet across, These slabs
are in turn broken into smaller slabs by a similar crack pattern. These slabs are
often about 5 feet across varying somewhaL in different locations. A third crack
pattern is clearly visible in some places. This consists of vety fine nairline-type
cracks in the surface. lt is probable that these fine cracks are not very deep. They
are probably caused by temperature stresses at the surface,

Borings by the State Highway Department in 1960 indicate that thc nalt varies in
thickness from less than an inch near the edges to a maximum of across 5 feet. This
salt is composed of two distinctly dif{erent type6: a hard surface crugt and a soft
layer consisting mainly of a mixtrrre of loo"e. coarae salt cryrtals and clay. In lho
late summer of 196l the deepened 25-mile ditch completely drained the water from
the salt crust within tne area surrounded by the ditch. The water table is usually near
the surface, except near drains const!ucted by Bonneville Ltd. These drains lower
the water table for a distance of approximately one mile from tne drain. During the
wetter years, severaI inches of water is often on the surface during spring months,
but by Auguet or Septcrnbcr thc eqrfacc usually dricc sufficierrlly tu pcrmit raclng.

Structural and Chemical Properties

In 1960 samples of salt were cut from the hard salt crust for structural tests at
the USU Engineering Materials Laboratory. These test6 were reported in the Report,
Part V. At tllc leLatioJr where ttre6e samples were obtalned, a weak horrzontal layer
existed at a l2-inch depth. Removing salt blocks deeper than l2 inchee wae impossibl€
because they invariably failed at this weak plane. Structural tests on the ealt blocks
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indicated the following properties:

Flexual strength, surface
lZ-inch depth -----

Modulus of clastiu ity
Compressive 6trength
Creep or plastic flow properties --------

104

250 psi
50 psi

1,5o0 - 10,000 pst
600 - I,400 psi
very high

Chemical analyses reported in the Report, Part IV, show that the salt brine
has a concentration of about 3Z grams per 100 rnilliliters of solution. This is
probabry the solubrllty ot the salt crust.

The hard salt crust is very effective in supporting concentrated loads, such
as automobile and truck wheel loads. Personal experience indicated that one
could safely drive an automobile on a salt crust one inch thick. However, a
ciust l/2 inch thick failed. The water table was essentially at the surface: and
when the salt crust failed, the autornobile wheels settled into the soft mud until
the car was resting on the axles.

E{fectiveness in Distributing Highway Loads

From the te6ts and observations mentioned. it might tre ae nrrmed thrt qelt
crust of considerable thicknees would be effective in supporting hig$way fill
and dynamic loads. Careful consideration, however, €hows that the salt crust
worrld nol be effective in distributing highway loads ower the underlying coft coil
because the salt crust would not act as a continuous plate or beam under the fill
nor would it develop flexural stresses, because vertical cracks break it into
many relatively small slabs. The load on each elab v,ould essentially be uni(orr
ly distributed, aupported by a uniform, soft, silty clay.

Thc glabs would bc cubjcctcd to conrprcocive sLrrrses equal !o the weight of
the overlying material. These stresses would be relatively low, approximately
5 psi at the top of the slab. Under the increased loading, the underlying, soft,
uilty clay wlll consolldate, and settlemenE wlll take place. Iesta to date are no'
sufficient to predict the extent or rate of such oettlement; but because of the rel
tively low loading, it is believed that this settlement will not be excessive. The
salt crust, therefore, wrll act e66entlally as till rnaterial.

Suitability of Salt as a Fil.l Material

This reasoning leads to the conclusion that the primary considelation is not
the flexural strength of the 6alt, but rather its suitability as a fill mate!ial. Tc
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be satisfactory for this purpose, it muot have suf{icient compres6ive strength
to withstand the loading and it must be stable to the extenr that it will not be-
come soluble and be removed fram under the fill in solution. Thcre appcars
to be little question regarding the compressive strength for this purpose. It
will not corrrpress or consolidate nearly as much as the underlying soft 6oil,
Therefore, the primary guestion ie: wilt thc oelt tcrrd tu rliusolve under the
conditions to which it will be subjected?

Tests reported in the Report, Part VII, indicate that the soil solution to a
considerable depth is essentially a saturated solution, The water pumped from
the wellg in the pumping testa, Report, part I and II, is also a saturated solutio
Thig walsr rcprc'€'rs rhe Eotu[ton ln rne biocl(y clay structure in the depth
range of 4 to 9 leet, and in the porous coarse salt zone immediately under the
hard salt crust. This salt solution consists of approximately 80 percent aodium
chloride, NaCl, or common salt. The remainder is a mixture of calcium,
magnesium, and potassium chlorides and sulfates. The solubility of eodium
chloride varies:relatively little with temperature, from 35.? percent at ooc to
59. I Percent at luuoc. 'l'his difference in solubility would have little effect on
the stability of the salt unless the solution was removed from the salt crust.

Possibly it would be well to review briefly the experiences of the railroad
and the highway with respect to the present roadways over the aalt crust. Ijoth
have experienced considerable trouble, and it is reported that the principal
trouble occurs during and immediately following rain storms. This trouble
is principally in the forrn of uneven settlement requiring considerable effort
to maintain a smooth, even eurface. Evidence indicates that during rainstorms
sorne o{ the salt dissolves and is removed by water {lowing under the roadbed.
solution channels develop, and gravel highway base or railroad ballast falls
into these cnannels, and the surface or rails settle unevenly. some of the high-
way trouble evidentty is associated with the deep trenches originally excavated -
along the north side of the highway fill overlying these trencnea continues to
6ettle.

The following explanation is betieved to be approximately what causes a
flnw under the roadbed. with thc watcr tablc vcry'ear lhe uurface, lt takes
only a moderate arnount of rain, probably less than an inch, to produce a sheet
of water on the surface. Rains are generally accompanied by some wind. The
wind blowr thic watcr acress the salt crusf. where this flow rs impeded by
any obstruction such as a highway fill, the depth increases to several inches,
possibly more than a foot during heavy storms. This creates a considerable
hydraulic gradient across the highway and railroad embankmente and ppobably
producee coneiderable flow through the porous oalt layer. The water in this
in8tance is only paltially saturated and continues to dissolve salt. Theee flows
probably lakc Place largely thlough crack6 in the Balt wnich enlarge into solution
channele.
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and f inally become large enough to undermine the roadway and permit eettlement
to occur.

If thiE is the primary rea6on for the difficulties experienced, would it be
possible or feasible to prevent such lateral flow through or under the salt crrrst?
Thig was atternpted, probably with some success, in the constructton of the original
highway across the salt. Trenches were excavated to the north of the original road-
way to provide rnaterial for the fill. It is understood that at least one of these trench
was refilled with clay to eliminate underflow. Ttrat this was not completely e{fective
was very evident during the pumping tests when the water table north of the highway
was forrnri tn elnpa fnura;d thc icap drrin south o{ tho rrilro:d. Tl.io offoct o€ thc
drain extended approximately one mile north of the highway.

It may be both possible and feasible to seal off the flow through the slat layer.
Considerable thought must be given to any propos€d solution. Cutting trenches
parallel with the highway, under or near the shoulder, and backfilling them with
clay nroy bs cffcctivc but rrray pruvs ubjecliorrdble for oltrer reasons. Eucb a
backf ill would have to be placed in a trench filled with water, and it would have to
be compacted sufficiently to prevent natural consolidation. Subsequent consolidation
of this material would cause settlement of the overlying fill and probably the develop
ment of cracks along the shoulder of the highway filt. Evidence indicatee that this
has occurred over the original trenches along the present Highway 40. The rnost
southelly trench is now under the north edge of the pavement, and cavities below
the gravel base have been found, The presence of these trenchee is believed to be
the cause of part of the difficulty with the present pavernent.

If the cutoff trenches were constructed some distance away from the toe of
the highway slopes, the salt crust belween the trench and the highway fill would
have to be sealed to water flow or the trenches would not be effective. Possibly
this can be done without excessive cost.

Removal of Salt Crust

Consideration should algo be given to the removal of the salt crrrsi and the place-
ment of the fill directly on the underlying silty clay. This may be both difficult to
accornplish and very expensive. Under normal conditions the underlying soil would
be covered with water when the salt is removed, except where the water table is
affected by the Bonneville Drains. This water may be Z feet or rnore in depth. Fill
material would have to be placed in this water and adeguat€ly compacted to a 6uit-
able density, or consolidation of the fjll may cause excessive and uneven Bettlernent.
The actual placernent of fill material in a 60-foot wide trench filled with water may
p!e6ent sorne difficulties. The extra expen6e of lernoving the salt and leplacing the
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volume excavated with a fill material would add considerable cost to the project.
Before rnaking any recornmendation that the salt be rernoved, actual field experi-
ments should be undertaken to determine the economic feasibility of doing this.

Sumrnarv and Conclusions

1. The salt crust would not be effective in distributing the loads over the
underlying, soft, silty clay.

Z. The salt crust would serve essentially as a fill material.

3. The suitability of the salt crust as a fill rnaterial, and not its flexural
strength, is of primary consideration.

4, some of the salt crust may dissolve aod be removed {rom under the high-
way fill, causing uneven settlement. Rainfall and wind are believed to be the
primory couoo of thio phonomenon.

5. Sealing the salt crust to prevent lateral flow through and under it may be

feasible if this can be accomplished satis{actorily and economically without introduc
ing other undesirable effects. This suggested solution needs further 6tudy.

6. Removal of the calt crust and iLs r€plaLcrrr€r!! willr 4 rrrer € tuitablc
material may prove to be the best solution to the problem. This, however, is
believed to be both expensive and difficult to accomplish. Before such a solution
can be recommended, actual fietd trials should be undertaken to determine its
econornic f easibility.

7. Serious consideration should be givento an alternate routing ofthe high-
way to the north of the salt crust to avoid the difficulties described herein.

Recommendations

l. Before any speci(ic solution of the salt problem is decided upon, additional
studies should be undertaken to determine its practicat and econornical feasibility.

Z. Actual field studies, with standard highway construction equipment, should
be undertaken to determine:

a. The feasibility of utilizing the rrraterial along the proposed !ight of way
for the highway fill, especiatly wiLh !esPect to its placement and comPac-
tion.
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c.

The practicability of constructing cutoff trenches along the edges of
the highway fill to prevent lateral flow of wafer through and undor
the salt crust.

The feasibility of removing the salt crue t and replacing it with a cuir.-
able fill material.
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SI'BSI'RFACE I}TTIESTIGATION OF US 4G.5OA, WENDOVER TO KNOI,F
JuJ.y and Aueust 1960

Rrpoee of Investigation

The fnrpose of this lnvestlgaticno was to deteml-ne the bearlng etrength
of the f1II naterial and various other physlcal propertlea of the naterial
ccmprlsing the exlsting road between Wendover and KnoLLa, Iltah. Frcm the
tests nrn and the observations nade lt ras felt thai lnformation could be
obtalned as to the cause of road failures along US 40-504, particularly that
sectlon wtrich crosses the Bonneville salt crust. ?he lnforrnati.on gai.ned frcm
thls investigatlon could ald in the design and conetructl.on of future highnaye
acrosn this section of Utah.

The investigation consistod of two parts undortaken contenporaneous\r,
One part conslstod of deteralniag ln-place densitlos and Callfornia Bearing
Ratios of the exlsting fil] naterial at various depths donn to the orlginal
salt crust, or dovrn four feet where the sal"t cnrst nas absent. Field obser-
vatlong rere made of conditions encountered, such as conditlons of the road,
t1l-I rnaterlal, and base gravel. U€aguretnents vere nade of the sbove hlghway
ccraponents and oanples nere taken for Laboratory exanrlnation. In additlon,
eII unusual conditions were noted and examined.

The second part, or phase, of the investigatlon lncLuded the obtalniag
of rrarLous sarnples for laboratory ana\rsia. Thls lncluded the taking of
undlnturbed soll sanplar jrt {n dlamatar" Shclhy f.rrhas- fha.Shalby t.utra ranpl.cr
vere taken frcrn the top of the f111 naterlal donn to the top of th6 ln-pleco
salt cr:ust, where lt was present, or to a depth of epproxtnately four fcet
r+here tho galt crugt rras ebeent. Dleturbed soJ.l oamplee lrere taken of ths flll
naterial and bage gravel for lab detsmhatlon of grading, ccmpactlon and
nolsture contont, Ilqutd llntt, plastlclty index, and arnourt of solublo salts
present tn the naterlal. Sanplas rere also taken of the agFhalt for o!! and
rnolgture content detetrlnatlotr.

Methodo Usod for Fiold Tooto and Obtalnlne Sonp1co

The procedure for obtainlrrg sanples and porforml,ng the fleld tests rlere
unlfom and consi"ctent for the entire proJect. The procedure consisied of
strlpplng off the existiag asphalt witb a backhoe nounted on a Teratrac.
The area opened up uas apprord.nately 4 to J feet wlde and ranged fn length
frcm 7r+ to 9r+ (traneverse to the di.rectlon of the highway) depending on
the lrldth of the asphalt. In aU cases the test pit vas opened up frcro the
edge of the asphalt torrarde the centerllne of th€ highray end far enough ao
that the tests couLd be conducted beneath the outside nheel lane. The test
plts were dug on alternatlng sides of the centerline so that any variatJ.on
1n condltlons would be encountered' After the lnltial openlng of the teat
pit the backhoe r,,aB used to excavate the underlyi:rg naterlaL dor*r to the hard

I

i
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salt cruet, or to a depth of 5 to 6 fset *. Th{o e:<poscd an oxqcllonC prof{lc
for neasuriag depths and e:<anlning thc varlous levels. At thts tine samplcs
of the fill naterlal were taken at 6n+ lntervals, eealed in gless bottles,
end retalnod for later lab deter:oinatlon of noi.gf,ure conten{ Tenperatures of
the clay fJl'l naterlal were taken fron the bottcm of the base gravel donn to
a depth of { to 5 feet at lntervals of one foot !r The tenperature ras alao
taken laterally fron the inner edge of the test plt tomrds the shoulder af
the road for a dlstance of { to J feet at one foot + lntenraleo

Afler obtallhg the noisture content sanples and tenperatures, the backhoe
Has agalJl elop].oyed to rernove lhe asphaMror0 a 4t by 4lt area adJacent to the
above nentloned plt and along the out,side wheel lane. A sa.rnple of the asphalt
was taken at each test area sealed and reialned in a netal can for oil arrd
molsture content detertinatlon and for sleve analysls.

S"mples were also taken of the base gravel at nost of the test pl-ts, and
the clay fi'll rnaf.erin'l at ceoh af iha teet pits- Tho baoc grawo). vqo troolod
ln the }aboratory for gradlng, Iiquid limlt and plastlc index by stsndard
4.4.S.H.0. tesLing procedures. Tho clay fil.l naterlal was tested jn the lab
for gradlng, Ilquld llnuit and plastic index, soluble salts, and conpactlon.
The cornpaction uas acconpllshed by the ?*180 Method D (nodlfied proctor)
procedure, to detemi-ne dry denslties and optimun noistures. The other tests
were run aecording to standard 4.A.S.H.0. Speclfications.

Field C.B.R. (Californta Bearlng natlo) tests were corducted al the top
of the clay fl}1 materlal by a soilteet field C.B.B. unlt uslrg the neight of
tho Terratrae as the reactj.on force for the penetratlon rod. C.B.R. tests
were conducted at l,tt vertlcal lntervals frcar the top of the clay to a depth
of approxlnatou 4l or to approximate\y 1r above the hard salt crust rrherever
1t vas present. In all cas€s care was taken to scrape army all of tha hase
gravel fubedded ln the top of the clay. ?hree separate sota of readings rrere
taken at the top elevatlon and on€ set each at the aucceedllg lorer olevatlong.
For each set of C.B.B. readfuga, molsture sanples were taken for ana\yals by
the Dlstrlct #2 Lab, AJso at each elevatLon, ln-place denalties were deter-
nlned rtth a Washington Dense-O-Meter, uslng a nlxture of yater and soluble
ol[ ln a nrbb€r membrane. Reptesontatlve eanrples frqn the naterial resroved
for denslty deterninatlons were retalned ln glaes boitles for noisture content
determlrtatlon.

Undlsf,urbed eoll s:nples sere obtaincd for the Centrsl. Teoting Lrboratortrr
by forclng 5tr diarneter, 6,r J-ong, relatlvely thln rralled Shelby tubes dorm lnto
the fill naterial. The Shelby tubes vere forced dom by hamrerlng with a tsn
pound sledge hanmer. This provided a near\r contl-nuous undisturbed sanple ln
6n* sections frcrn the top of the fiLl materlal to a depth of approxlnately 4t.
Recovery in the tubes ranged frqn 9OS to 1001. The Shelby lubes were sealed
at both ends by the use of hlgh.+neltilg-point rax,

I-ab Analysie hocedure

Mechanlcal analysis, liquid llnita, plastic indexes, oII content, and
nolsture contents were al]- deLermined according to etandard A.A.S.H.O. tostlng
procedures. Soluble salt content uas deterrnined by standard procedureg used
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by tha llf,ah Stata Hlghrray Departnents Central l{aterials laborator:y. Dry
denaltiss and optinut noistures were obtatned by empacttng the naierlal by
the T.-Ul0 Method D (rnodiJied proct,or) procedure. l'todlfted proctor tests xere
conducted wtt,h both regular cullnary rator and sallne trater obtained frcn the
salt crust adJacenL to the hiShxay.

Sruoarized Test Results

The detailed results of t,he tests conducted on the base gravel, clay fill.
nat,er1al, ancl espllalt, are Labul-ated on selarate sheets. FeJ.l.oril5 is a gcner
alized sumna4/ of the reEults.

The revised A.A,S.H.O. classlficatlon of the base gravel is A-1-a(0) for
all of the sa,nples taken wlth the except'lon of those taken at nlle posts 3
and 35r both of nhich were A-f-'b(O). the liqutd linltg ranged frcrn 15.2 to
16.0 vith the exceptlon of nlle posts 35 and 40 rtrLch vere 2l+.0 and 2109
respectlvely. All of the base gravel sarnpLeo except those frm nile posts 35
and 40 nere non-plastllo

The base gravel :amples taren frun nll.e posbs 9 and 30 neet speclficatlona
for base gravel, all of the other sarnples contaln atl excess of 42Co sleve olze
naterl.al"

Four of the asphalt sarnples did not neet grading specifications for type
A plant rnlx bitunlnous nateri.al. The samples nol neetlng specificatlons were
taken frcnr nile posts 13, 15, 35 and 40' The sanples frcrn nil"e posts $ and
40 contained an exc6ss of 42OO material while the one frcrn nile post 15 ehowed
a gna}l deflclency ot 42w_ roaterial-. The sarnple from rnile post lJ had a de-
fleiency ot -#4 rnaterial-.

Ttre o11 conLent ranged frsn 4.OBl lo 6.1+0l. the noisture content ranged
from 0,96F lo L.28fi frqu rnile posts J through 35. the nolsture content of
the sanple taken frcxo mtl.e Post, 40 was an abnornal ).21+1, It Has 81so not€d
that thrs seetion of highray contained an excess arnotmt of asphalt on the road
surface.

The road fill nat'erial ras sarnpled and tested at each test pit. Trlg
ruaterial }es fairly homogeneort: clay fhroughout except at rnll-e post {0 rrhere
lt had on appreclable anount of sand. In nany of t,he test plts not underleir
by the hard sal.! crustu the contact between the fll-I materlal and the h-p].ace
nraterial rras diffrcull to deterrnine due to the hourogeneity of the two rnaterlale.

The A.A.8.H.O. cl,assijicablon of lhe fi,11. mtcrief. renged belwcm an A-lr(4)
and a A-?-6(1f) with the greaLer naJorlty of the sarnples fa3-)-ing in the A-6
class with group indexes of 8, 9, or 10.

The liquld llmit range was fron l+6.Lto 27.8. The plastlc lndexes vaiisd
fro 1?.5 tro 5.0 ulth the sandy sanple frm nile post !0 boiag non-plastLc.

Field C.B.R. val-ues obtained rrlth the solLtest field C.B.R. unlt are
tabulated at the end of thls reporto In generel, on\y a glalL nunber of tho



I Doug Jensen - Progress Report Parts 6-n" pg Page 116 
I

4

corrected values rere above 25{ of standard" Thc nreJority of thc valuos wereh the 5F Lo 15/ of standard range, Ttrese varues g"ieraliy decreasAd wlth
dgpfh of penetraLion and elso with depth at which [he testi were conducted,
while the moLgture ccntent of the filr naterlal lncreased vlth d,epth.

The resul-ts of tho Ln-place density and conpaction tesis show that thefill nraterlal directry below the.base gravel has-a ccmpacted-percentage usually
between_8' a.d.ryf notable exceptlons.belng aL nile post #5 (t.o, dep[h beror-the surface an$ f4.4 percent nolsture) whlch had 1!3.1 percent coupattion andnile_post #35 (t.t, depth below the surface and 46.0 percent nofsture) riifcii-
had 64.6 percenL crrurPacLron. T}Ie percent or Eoistur€'in the firL naterlarjrrcreases with depth except at nile post #6, #LL, f3o and #35 where it seens
to-fluctua+-e wlth depth.- The percent moisLure ai rniLe rr;1sL t)O (3.1r depth
beLow the road surface) is 6t+.5. This is an unusually i.,igh rr"t". content andis reflected in the Iow dry density of 59.7 lb./cu. ft. found at this ni'rE pestr.

. .f.h: lgrnnelature of the fil] uraterial belor 2r;f, dec.reasart w.ith dcpth rc rstraight line function" The tenperaLure of the fil]. rnaterlal above 2i+ seeraedto vary proportionat.ely as the taoperature of the surface and air varie-d.

Field 0bservaLlons

obooryotions of thc rcd surfacs surrdiL.lqrr yere m4de &t each nu-g post
whore test plts were dug. rn general the condition of the road was good tofalr, At rnj-le post / the road appeared to be irr poor condltion. Beireen mlle
posLs I and 12 the road generally exhiblted sone transverse and rongiludlnal
cracks and a few depressions and swel1s.

- .At nile posb.9 the.underlying clay and salt crust showed a defj-nlte pnaftle
sloplng tonards the right, or souLh shoulder of th€ road. Thls sroplng aira theresulting depressions in the road surface are probabJ-y due to the leac[lng outof the saLt at this secflon of the road. At oiher seitlons wtrere tes! plfs
were dug and surface depresslons nere noted, the leaching effects were irot in
evidence. If was therefore assrnaed that ihe rnaJor. cause of the surface depresiions
nas a lack of canpaotlon of the fill. nateri.al durlng const!'uctlon rather tlan the
leaching out of the aair...

_At nl+e post J sme unusual solution channers were noted as the test plt
wag dug. ?hege channelg were aDproxlnrately t/Z.n to 3/t," tn dL.eneter and dtd not
seem to have any preferred orleniation. scrne were near\r vertical, sone nearly
horlzontaL, and so far as could be determined, aLI of the channels rere lnter-
connected.

. .- At approxi-roately ml1e post I a tandem roller broke through the asphalt
while rolltng a new asphalt surface du.ring resurfacing of us t0-50A. when thls
ooctLon wac oponcd up riih a backlroe i! could Le seen that the base gravel haal
fallen ccrnpieLely avray fro beneath the asphalt near bhe edge of the road,
i-eavlng only seabtered (bridge:r of cornpacted, ln-place basi gravel vhlch ms
carrying the load of the outer two foot + edge of asphalt. Further excavation
confirrned the fact that the outer edge (n-ort[ sfie oi nrgnnay) of the asphart
ls directly over the old cut off f,rench excavated duriag the lnitial conitructlon
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of US /+0-50A. lhie trenoh rroE backfjlled vlth loosc, unconpacted clay for
the purpose of preventlng ground rater frm circulatilg under the now\y con-
atmcted highray. siace then the present road has been bullt out over theflrred trench. The lmpact of trafflc along the road has caused the oatoriarin the trench to gradually settle, resurting lrr failure of the road,. Free
water nas reached af approxirnaLely 7 feet in depth in thls trench.

Concluslon

rn concruslon 1t 6hou1d be noted that the prLmary cause of the road fairure
nust be ettributed to the unconsolldated, uncornpacted r:nderlying highway enbank-nent. This embanlgnent was placed at a tine when knowfedge about conpaclion wasin its lnfancy.

Tho cray fill- naterlal si.nce its initiar placement has gradually settlod
and receiverl smc crntucf.inn frm fha innre:cin8, hcavicr h3-6hey tsffior
the ul-timate outcqne has resulted h surface failure ccrnprisld oi cracks,
depressions arrd rolls.

Although no conclusive evldence was found to substantlaie the theory that
fresh water has been leaching the salt from beneath the hlghway olbanlotent, we
must adhere to the fact that this theory is feaslble and has probably causid
sqne fallures. Tne oDsenrat,lons nade and tne tests conducted show that the
nain cause of fairures ls directry connected to the rack of coropaction in theinitial placlng of the ernbanlrraent materials.

It is recqnmended that exbreme caution be exercised in cornpactlng the
embanlrsnent for the new rnterstat,e Highnay betveen i,lendover and Knous. rf slde
borrq0, or material from trench exravaLlons 1s used, the excess nolntura nust ba
elfurinated to lagure the obtaining of the optiJnu[ nolslure content and the
naxinun dry density.
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FIELD AND I.IBONATORY DRY DINSITI DATA

u,P.
Depth
(r'r. )

Field hoctor
Cmpactlql

(E\?iirlr"il\" Uo:.gturc
(<l

urJr uqna:'lt
(lb/ca fr t

upDlrnr.e

)

1+

5

6

7

I

9

10

11

T2

13

1t

20

25

30

35

40

2rO

3.5
1.4
2.6

1.0

L.7
2.7

2.r
r.8
3.1
t.8
216

1.8

2.8
'l<

3.1
L,g5

2.9
t.5
3.25
I.4
2.3
1,'+

I.8
2.6

3.6
2-?

3.r
I+.3

r.4
2.5

L.2
1.5

2.6

l-rr",'
| 83.6

I 101.0

J tu.'
I 123,2

I r.o2.7

I ,t.,
I roi.6

I et-z

| 98.3

I zg.o

I roo.s

I iT:
6'?.3

101.5

r06,?
96.2

100.1
9l+.7

8-7.0

104.4

9l+,7

105,r
95.2

?1.1
80.9
92 -6
62.L

7r.5
/r,o
77.4

7 5.9

9r.8
89.1

27,O

36.1+

26,0
28,7

14.l*
23.1

21."2

17.0

30.1
2l+,I
29.r
26.2

30.5

31.4

tJ.6
25.I
r6.4
26.9

22 -ll
29.t+

32,)
22.6

30.5
22.6

28.3

29.7

40.7

36.o
61r.5

h6.9
l+6.o

36.7

u.5
18.9

2r.8

I08.5
106.5

1 t2.g
r12,8

u9.5
tlr,5
I12.4
112.4

110.5

U3.t
113./,

I12.8
1r2.8

11r.3

1r]-.3
112.8

112.8
r13.'
I13.5
11r.o

u3,0
tt?.5
Ltl.)
119.6

112.5

rw.6
I12.6
1O/..O

ro4.0
r04.0
110,t
1r0.5

r10.t
L12.3

LW.3

19.8

19.8

Lt.)
L7.3

15.1
15.1

t7.o
u.0
r,1.9
1n ,

t?.2

L7.2

L7.9

t7.9
L7,',|

L7.'l
16.6

16-6
1?.6
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